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(57) Abstract 

Provided are organic polymers, e.g. poly(ethylene glycol), ftinctionalized with an amino-oxy oxime-forming group and methods 
for their preparation and use in site-specific, chemoselectivc ligation to an aldehyde( or ketone)-functionalized t^get n^omolecule or 
3irface_mideLn^ Multi-polymer-containing amino-oxy-functionalized or aldchyde<5Fl^ric)-funciionaIi"ze^ 

constructs are also provided that allow site-specific, chemoselectivc ligation under mild conditions of the construct (and thus all of its 
polymers) to a single site on a target macromoleculc via an oxime bond. Families of ftinctionalized polymer constructs are also provided 
wherein each construct differs in topology but not in molecular weight (average) from the others in the same family. Methods for their 
use include the systematic modification of a target macromoleculc to rapidly create a family of target molecules, preferably biologically 
important proteins, differing in topology but not molecular weight, from which family can be identified macromolecules having desired 
biological or physical properties, such as enhanced pharmacokinetic behavior. 
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1. 



FUNCnONAUZED POLYMERS FOR SITC-SPECIFTC ATTACHMENT 



rNTRODUCTION 



Technical Fi^lii 



The present invention relates to the preparation of ftinctionalized 
polymers. More particularly, the present invention relates to reagents and methods 
for the site-specific chemical modification of target molecules, e.g. 
biomacromolecules, particularly biologically important polypeptides, and other 
polydisperse macromolecules such as plastics (e.g., polyethylene or nylon), by 
means of ccvalent attachment of ftinctionalized polymers, particularly polyalkylene 
oxide polymers. 

Background 

Preparations of polyethylene glycol-modified polypeptides have 
reduced immunogenicity and antigenicity and also have a longer lifetime in the 
bloodstream as compared to the parent polypeptides (Abuchowski and Davis (1981) 
"Enzymes as Drugs", Holcenberg and Roberts, eds., pp367-383. John Wiley & 
Sons, N.Y.). These beneficial properties of the modified polypeptides make them 
very useftil in a variety of therapeutic appUcations, such as enzyme therapy. To 
effect attachment of polyethylene glycol ("PEG") to a protein, the hydroxyl end- 
groups of the polymer must first be converted into reactive fiinctional groups. This 
process is frequently referred to as "activation" and the product is caUed "activated 
PEG." Methoxypolyethylene glycol ("mPEG") derivatives, capped on one end 
with a protecting group and bearing on the other end an electrophilic that is reactive 
towards amines on a protein molecule have been used in most cases. One of the 
most common fonn of activated PEG used for preparation of therapeutic enzymes is 
methoxy-poly (ethylene glycol) succinoyl-N-hydroxysuccinimide ester (Abuchowski 
et al. (1984) Cancer Biochem. Biophys. 7:175-186). However, one major 
drawback is that ester linkage between the polymer and succinic acid residue has 
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limited stability in aqueous media. The use of PEG nh. . ^ 

for preoaration of u PEG-phenylcarbonate derivatives 

1985 r "^^^^'^^-^^ ^^^-P--- was repced (Veronese, et al. 
^85). However, the hydrophobic phenol residues (p-nitrophenol or 2 4 5- 
tnchlorophenol) are toxic and have affuuty for proteins. 

proceeds in a Zl '° ^^'^^ -ally 

oVtrlsLe , d '"""^^ ^""^ - ^•^^ ^^^^ ^^ain 

wiri^He:^^^^ ~ that couple 

reac Je fun Znal ' ' '^"^^ °' « — ^d to 

(Abu L::^^^^^^^^^^^ f C-.ypolyethylene.yco.yH. .-dichlorotria^.e 

owsM et al. (1977) J. Biol. Chem. 252:3578-3581)- 2 

»-ancer Biochem. B ophys 7-17'; tr<;\. o / „ . ° J 

, -n /-i /5-186). 2-(alkoxypolyethyleneglycoxy)-2 2 2 

<.e„a.o « ,9.0, Bi... .ppUe. Bioc-c: . ..^.s,- . 
(^oxyp„„e.hy,„yde (A.d„s e. ^. (,590, BicecK. Tec. 4-49.5 ) 2 

lor reaction w,ih amino groups of prolcins. 

n,„„ip c pole ■ j *° """""'"^ ''^f- 

^ get residues. Moreover, charge alteration of the target molecule is 

J^^o a ; °" - ^™ - "Pon ren^ova, or 

■y n.c,ure and .he dcstn.a.o„ of ac.ive SucH changes ta charge are 
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typically cumulative as derivatization is carried to completion. Typically, increasing 
the number of polymers per molecule of polypeptide using the methods above very 
often decreases sterically the accessibility of the active site and thus diminishes 
biological activities possessed by the unmodified polypeptide. Polyethylene glycol 
modified TNF-a is a typical example where extensive modification resulted in the 
complete loss of bioactivity (Tsutsumi et al. (1994) Jpn. J. Cane. Res. 85. 9-12). 

In light of the many potential appUcations of polymer conjugated 
molecules, and particularly in view of the art's focus on PEG-polypeptides. there is 
a need in the art to increase the repertoire of functionalized polymers for use in 
modifying target macromolecules or materials, such as surfaces. Accordingly, there 
is a need in the art for functionalized polymers in addition to ftinctionalized PEG, as 
weU as methods for allowing one to overcome the disadvantages inherent in and 
observed for the current methods of polymer attachment, both for medical and non- 
medical uses. For example, there is a need in the art to provide functionalized 
polymers that are capable of coupUng to residues of target molecules, e.g. amino 
acid residues of polypeptides, without drasticaUy altering the charge present on the 
residue or without introducing groups at locations likely to interfere with the 
binding properties of the target molecule, and that are attached through linkages that 
are stable under a variety of conditions, particularly physiologicaUy relevant 
conditions. Thus, a need exists for reagents and methods for constructing 
homogeneous preparations, of easUy synthesized macromolecules of defmed 
structure having stable ligation linkages, wherein these reagents and methods 
provide ease, rapidity and mildness of synthesis; essentially quantitative yields; 
versatility in design; and appUcability to constniction using a diversity of 
biochemical classes of compounds. The reagents and methods provided in the 
present invention provide meet these needs and others as weU. 

SUMMARY OF THE IhfVENnnN 
The present invention provides methods and compounds for site- 
specificaUy, chemoselectively modifying inder mUd conditions a target 
macromolecule, such as proteins, peptides, other organic compounds such as 
plastics, or surfaces contaming macromolecules. with an amino-oxy or aldehyde (or 
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^ ne) denvauve of an or,^ p„,,„er, p„,..Hy a wa,„ o^anic soluble 
polymer p„f,^„3, „^ ^ ^ 

.h ™c„„o,ec„,e. Novel a„,i„o-oxy deriva.ves of PBG a„d o, J. J, 

P0,y.e„. ,0 ,.,„„,„^,. ^ 

pab = of o™e-n„,.gefo™aUo„. T,.0„,h ,he use of bi- „ .„,U-po.y„e. 

polyme. be co„p,c<, .Ue-speciflcally and chemo.elec,ive,y .o a single p„. 
Chosen s,. on an individual Uxget „ac.c.olecu,e under .Ud condiUons ' 

Ai.o.her aspect of .he subjec. invenUon is lo provide a process for 
P-par^g proteins n,odi«ed by tbe site-specific. covalen, a,Uchn,en. of J 
S-ncuonalized water-soluble polymer derivatives. ..e present i„ve„.on provides a 

™' provides a process for pn^aring the 
^ncnonabzed poiy„er that contains an oxinte-for^^g group which includes .he 

tep o teact^g a polytner cotnpound, wherein .he nuntber of polynter repeatin. 

ntts .s an „,eger between 5 and 2000, with a cotnpound containing an oLe-" 
fo™,ng group, Which oxin.e.fo™ing group is optionally in a deprotectable fottn 
wheretn the o^dnte-fotnting group is covalently attached to the polymer ' 

■"=P'=^™'"'="'ionft,nher provides a functionali^ed modified 
-ge molecule, preferably a polypeptide, having ^ o^me-fonning reaaivelup 

specific reacuvtty and oxime-Unkage fonnaUon wiU occur. 

■n-e present invenUon fonher provides a modified target 
macromoiecuie, i.e. a polymer conjugate, preferably compdsmg a polypeptide 
vtng bound site-specificaliy thereto at least one organic polymer Le"' 
P ymer or polymers are covalen,,, bound through a sUtgie oxime lin..,e . 
unique sue on the arget macromoiecuie. 

The invention also provides a process for pnsparing a polymer 
conjugate described above under mUd condiUons which includes L steps of 
fttncfonaltzing the target macromoiecuie to provide a firs, oxime-fonnj, functional 
roup compicmentary in activity wi.h a second ^notional oxime-fotnin/.tp 
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present on a functionalized polymer of the invention, reacting the functionalized 
target macromolecule with the functionalized polymer such that an oxime bond is 
fomed between the first and second functional groups. 

Muia-polymer-containing amino-oxy-functionalized or aldehyde(or 
ketone)-iunctionalized polymer constructs are also provided.that allow site-specLfic. 
chemoselective ligation under mUd conditions of the construct (and thus aU of its ' 
polymers) to a single site on a target macromolecule via an oxime bond. FamiUes 
of functionalized polymer constructs are also provided wherein each construct 
differs in topology but not in molecular weight (average) from the others in the 
same famUy. Methods for their use include the systematic modificaUon of a target 
macromolecule to rapidly create a family of target molecules, preferably 
biologically important proteins, differing in topology but not moleculax weight, from 
which famUy can be identified macromolecules having desired biological or physical 
properties, such as enhanced pharmacokinetic behavior. The present invention thus 
provides methods for systematically modifying the Stokes radius of a target 
macromolecule. which method includes the steps of conjugating a functionalized 
target macromolecule with a series of functionalized polymers of the invention, 
preferably the multi-polymer-containing ftmctionalized polymers, in separate 
reactions, and then determining the effect of conjugation on the Stokes radius. In a 
preferred embodiment of this aspect of the invention the pharmacokinetic behavior 
of a target macromolecule is systematically modified. 

Kits are provided with appropriate reagents for carrying out the 
methods of the invention. 



BRIEF DR<;rT?nrrr oivr pp tht; PRAWTMr;^ 

Figure 1 depicts an SDS-PAGE gel under non-reducing conditions 
showing the migration of conjugates of oxidized 11-8 with different functionalized 
PEG polymers. In all cases a single derivative was obtained in the conjugate 
reaction. Lanes 1,3.5, 7: Result of 20 hour incubation of oxidized IL-8 with 
functionalized AoA-PEG,^. AoA-PEG.e^, AoA-PEG,,,,. and AoA-N-(PEG,^), 
respectively. AoA-N(PEG,^), is (PEG,^-CONH(CH^,),N-(CH,),-NH-AoA 




X 
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lb ° r""^ P"ospho:,,a3e B (97.4 IcD), bovine sen,, albu.ta («.2kD, 
va,b„™„ (45^,, p,^^^ ^ 

lysozyme (14.4kD). -kD- tadica.es Idlo Dal.ons. 

Figure 2 depicls an SDS-PAGE gel showtag mig„do„ of II-S 

■dlbbeuT'T ^= (dU^-er; 

7 ; (t-y-PHG..VI>.g. un, s: Dexoan 

a si!l b "-'--^^--n-^ a'EG,„,.Lys.„.S .ig.,ed as 

-gle band, wiule (I.ys-PEG,„VI,.8 and gave a „„ ,he ge, 

^■"P""'" SDS-PAGE gel showing mig^Uon of eonj„ga,es 

Of functionalized PEG ^r^ri nizn -.u ^ 

™ , ""^^°»'>"""'=°—"''l>Aj-*f„-G-CSF. lanel:<?„-Met-G- 
CSF. I^ne 2: resul, of 24h incubaUon of oxidized <.«-M«-G-CSF with AoA- 

PEG„. Lane 3: Purified PEG„-.„.Me-G-CSF. Une 4: Coupling of AoA- 

EG». ,0 oxidized </e,-Me.-G-CSF after 24h ineubation. I^e 5; Purified 
PEWe.-Me,-G.CSF. l^e 6: Protein molecular weigh, markers are as in 

Figure 4. Conjtigation of fiinclionalized AoA-PEG,„ AoA-PEG 
an AoA-PEG.„ ,o ,„,erieu^., Reoeptor An.gonis, Protein (-Il„., 

■ r^. lane 2: Coupling „f AoA-PEG,^ to transan,in.ted IHn after 48h 
uicubauon at room temperanire Lanes 3 4 ^- P..rir ^ 

PEG n 1 . „ conjugates PEG,„.Il-l,a, 

PEG„-I1-, „, and PEG^.n-l,,. p„„^ ^ ^.^^ ^ 

inh hv , '''^■''"'•'^•"■'5'^*P'«<'<«=-«ponse curves showing 

P^«nce f deceasing concentrations of Il-l. derivatives. Figure SA is that for 
PEG n " " "^^''--''-l-. •''sure 5C is that for 

I\ '""7'""°" - P-i". Bach point was derived 

Z o^Z - -^-ted the 

mean of three prostaglandin detenninations obtained when buffer only was used ta 
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place of the Il-lra (also designated herein as "Antril" (from Synergen. Inc.)) and 
derivatives. The dispersion of the means is not unusual in this assay. For clarity, 
the dose-response curves for the three Antril derivatives were plotted separately 
(dotted lines and error bars), each time with the same standard curve obtained with 
Antril (solid line and error bars). 

Figures 6A and 6B depict pharmacokinetics of PEG,ou,-Il-lra (Figure 
6A) and PEGjotD-Il-lra (Figure 6B) in rats, compared with that of unmodified 
Il-lra. For clarity, the results with the two derivatives are plotted separately (dotted 
lines), each time with the same set of results obtained for unmodified Antril (solid 
line). Blood samples were coUected at 3, 10, and 30 minutes and at 1, 3, 7, 12 and 
24 hours. Each point represents a single detennination with a single animal. In 
case of unmodified Antril, a slow rise in blood levels after an initial decrease could 
be shown between 30 and 180 min. Such an unexpected behavior was not obseived 
with other investigated proteins used under the same experimental conditions. 
Animals that showed clear evidence that some or most of the injection had missed 
the tail vein and had been deposited subcutaneously (excessive radioactivity 
remaining at the injection site foUowed by a slow rise in blood levels after an initial 
decrease rather than the usual biphasic. exponential-like decrease) were discarded. 

Figure 7 depicts pharmacokinetics of 11-8, PEG3oto-Il-8, II-8-PEGjokc- 
11-8 and (PEG2otD)2Lys-Il-8. Blood samples were collected at 3, 7. 15 and 30 
minutes, and at 1, 3 and 7 hours. Each point represents the mean value or four 
animals. The dumbbeU and the multiaim constructs appear as the most effective 
conjugates for improving the lifetime of II-8 in the bloodstream. 

DESCRiprrnM d f SPECiFir: EMBODnvrFNrr?; 

The subject invention provides novel modifying reagents that are 
amino-oxy derivatives of polymer, preferably water-soluble polymers such as PEG, 
i.e., polyethylene glycol. The reagents of the subject invention may be used to 
covalently attach a variety of polymers to target macromolecules of interest. 

An important advantage of the subject invention, particularly in the 
case of biological important macromolecules such as polypeptides, is that target 
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oy trie attachment of the same water-soluble polymers to m„i.- i 

^lypepud.) „s,„g act.va.ed polype, other .ha,, the .i,e.pecif,caUy acU.., 
compounds of ,hc present invention. ^ 

.o bh,c, to r=cerrZ,"r'''^ -«^"^. »™.y 

an jrr:r:r ■ -^^^ - 

A "complementary functional reactive group" is defined 

(■■GXL-. '^°'"™'"''^""°-°='y-"tylrA0A-)andgly„xy.vl 
(OX. , are co^pie^entary .nctionai reacUve .ro„p> tha. react toM o.ci.ne 

TT.e tenn -chemoselectivcly ligated" indicates the specific li-aUoo 
occurs .etv^een co„p,en.enta„ onhogonal che.icaiiy reacUve group! 

Which can . J:r:Uh™""'" ^""^ 

b= appUcd ThuT bv 7""""''"^ ""^ - ".-er chc.istty to 

PPUcd. Thus, by way of example, in the context of this appUcation 
an..no-oxy-acety. groups are a „,ost preferred ^nctiona, group 

Of course, it is apparent that the functionalired polvmers mav h- ^ 

-h co„^„, . ^„„i„„^, ^^^^ con,p,e„entarU, reactive Tith 

tacfonal group on the polymers of the invention. 

The fttnctionalized polymer is attached to ih, 
sile-SDecificallv h„ ■ . '"cneo to the target macromolecule 

specmcaliy by covalen, conJuga.ion vU an oxime linkage. "CovalenUv 
onjugated. or -conjugated- refers to the atuctaent of polymer ^o 1" v 
funconau^ polymer. •■Puncionai- or •ft.nctionaU.ed- I JZ o l ' 
PunK.ses Of this invention, the attachment of a oxime-forminTLttiv! 1 
polymer so that the polymer can c", -c ^ ^ 

polymer can be sue-spec^caUy conjugated to a complementary 
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functionalized target macromolecule. Generally, the PEG or POG (i.e., 
polyoxyethylated glycerol) molecule is activated or fiinctionalized by attlching the 
reactive group to a tenninal hydroxyl groups and then the functionalized pol/mer is 
covalently conjugated to an aldehyde group that has been site-specifically introduced 
into the target molecule. In sharp contrast to typical previous methods of 
conjugations where conjugation may occur between any reactive amino acids on the 
protein, the reactive ammo acid is typically lysine, and lysine is linked to the 
reactive group on PEG or POG through its free .-amino group, the functionalized 
polymer reagents of the invention are site-specifically attached via a stable oxime 
linkage to a single, pre-chosen, site on the target molecule. 

A "target macromolecule" as used herein refers to an organic 
molecule (which includes molecules of biologic origin as weU as organic molecules 
with inorganic components) having a molecular weight of at least 500, more 
preferably of at least 2000. even more prefeizbly at least 5000, most preferably at 
least 10,000. A "functionalized target macromolecule" is a target macromolecule 
that has been modified site-specificaUy to contain an oxime-forming ft^nctional 
group. The target macromolecule can be derived from natural, recombinant sources 
or can be synthetic. 

The term water-soluble functionalized polymer reagent as used herein 
refers to a water-soluble polymer modified so as to contain a functional group that 
provides for the site-specific conjugaUon of the water-soluble polymer to a target 
macromolecule through an oxime linkage. By the methods of the invention, target 
macromolecules are site-specifically modified to contain a functional group that is 
complementary in oxime-forming reactivity with the amino-oxy or aldehyde 
ftinctional group introduced onto the polymer, preferably at one of its termini (or in 
the case of a bi-functional polymer-at both of its termini). By providing for water- 
soluble polymer reagents that can be coupled site-specifically to a polypeptide at an 
ammo acid residue, preferably at the C- or N- terminus, it becomes possible to 
conjugate water-soluble polymers to proteins without substantially adversely 
affecting the biological activity of proteins that would be adversely affected through 
multiple coupUngs at amino acid residues located throughout the protein. 
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refers to a <:h=„.<:al cc^position in which subsunUally all of ,hc co„J„.a.= 
-Cecul. W =.=„UaUy identical chemical M.c.....^ch have ,he L„«ca, 
2".^=r an. iecaUon of a..chc. po„.e. ai*o„,. ,.o„ can a ,an.= 

- . ' P IS that obtained after ftirther ^i7P 

^eas. H, ih= ,oca.„„s and in .he n„..„ of a«achc. p„,y„ers. Co™po.,ions of .he 

2 °' - -J"Sa.e a,= „»„.iaUy i.en.ica, .o ea^ 

other. Here .„.sun.iai,y ali- refers .o a, leas. 80% of ,he .o.ai co„j„ga.e 

"^^IT. " "^"^ -'.o.-h 

each auached po,y„er n.ay no, be of .he same size. Increases degrees of pn,,; 
suchas90%,9S)5, 98%,99!S 99 5% 90 82 „k Sreesofpnmy, 

' 99.8%, etc., aU the way .o 100% are 

■ncreasuigly preferred meanings of "substantially aU. ■ 

homo "'^ " " °f tavention 

homogeneous polymer conjugate composKions can be comprised of homo- or 
>.e.ero.pol,m.c, wherein he.e,o-polymers as defmed herein refers .o dWe,e„ces in 
h^hem,cal .ype or in .be MW(a., of polymers bound, each of which canT 
pre^n. a. ..s molecular we.gh. avenge. As discussed in .he remainder of .he 

TZ°"' "'^ ' ft.nc,io„ali.ed-poi,mer s 

2 he. to a .arge. macromoiecule no. ail of .he polymer molecules a Jo^^ I .he 

useft,, , -he fonnula of the compounds 

"sel^l for coupUng polymers ,„ co.piemenury ft„cUo„ali.ed Urge, 
n-acromolecules, such as polypep.ides. via an oxime Unkagc is: 

P-X-O-NH, 

Where P represenrs an organic polymer, ptefembly „a.er soluble X 
represents a spacer erouo -n „ . '"■uoie, x. 

'group, 0-NH, represents amino-oxy. Water-soluble organic 



i) 
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polymers of interest preferably have hydroxy groups appended to the polymer 
backbone that are convenient sites for functionalization and may be selected from 
known water-soluble polymers including but not limited to: (a) dextran and dextran 
derivatives, including dextian sulfate, P-amino cross linked dextrin, and 
carboxymethyl dextrin, (b) ceUulose and ceUuIose derivatives, ii^cluding 
methylceUulose and carboxymethyl ceUuIose. (c) starch and dextrines, and 
derivatives and hydroylactes of starch, (d) polyalklyene glycol and derivatives 
thereof, including polyethylene glycol, methoxypolyethylene glycol, polyethylene 
glycol homopolymers. polypropylene glycol homopolymers. copolymers of ethylene 
glycol with propylene glycol, wherein said homopolymers and copolymers axe 
unsubstituted or substituted at one end with an aDcyl group, (e) heparin and 
fragments of heparin, (f) polyvinyl alcohol and polyvinyl ethyl ethers, (g) 
polyvinylpyrroUdone, (h) a.^-Poly [(2-hydroxyethyl)-DL-aspartamide. (i) 
polyoxyethylated polyols, and (j) polynucleoUdes. including deoxyribonucleotides. 
ribonucleotides, and their phosphate-backbone-modiTied derivatives, e.g 
phosphorothioate derivatives. Preferred polynucleotides are those oUgonucIeotides 
of homology to biologically important polypeptides, preferably of viial or 
mammalian origin, and can include antisense sequences. 

Water-soluble polymer reagents include but are not restricted to 
polypropylene glycol ("PPG"), polyoxyethylated polyol ("POP"), heparin, heparin 
fragments, dextran. polysaccharides, polyamino acids including proUne. polyvinyl 
alcohol ("PVA"). and other water-soluble organic polymers. The water-soluble 
polymer reagents of the subject invention include amino-oxy derivatives of 
polyethylene glycol homopolymers, polypropylene glycol homopolymers, 
copolymers of ethylene glycol with propylene glycol, wherein said homopolymers 
and copolymers are unsubstituted or substituted at one end with an alkyi group, 
polyoxyethylated polyols, polyvinyl alcohol, polysaccharides, polyvinyl ethyl ethers, 
and a,/?-Poly [(2-hydroxyethyl)-DL-aspartamide] and other water-soluble organic 
polymers. U.S. Pat. No. 4,179337; U.S. Pat. No. 4.609,546; U.S. Pat. No. 
4.261.973; U.S. Pat. No. 4.055,635; U.S. Pat. No. 3.960.830; U.S. Pat. No. 
4,415.665; U.S. Pat. No. 4.412.989; U.S. Pat. No. 4.002.531; U.S. Pat. No. 
4.414.147; U.S. Pat. No. 3.788,948; U.S. Pat. No. 4.732,863; U.S. Pat. No. 
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5.792 435, descnbe various polymers eha, may be fi,„cUo„alized a cordta^To^ 

"ve„„<,„, and are hereby tacorporaW by reference Prefe^h, T 

polymer P is sel^^..^ f . ? KKrcnce. Preferably, the water-soluble 

oT ■ T^^^ " S'ycol bein, particularly preferred 

:.°rrru::r::""^".~- 

K-. , l^'y '"='"<'■' Polyoxyethvlated 

orbttol, pclyo.yethyia.ed .luc^e, polyoxyetbylated glycerol WooTT^^ 

"f-'^oxyethylated glycerol Is tb si 

PEG -n, , ""^""^ *»iSht in the same ran^e as 

formulas her!" ' ^ ""'""^ ^'^ ^ "''^-'^^ ^ 

When polypeptides modified by the water-soluble polymer rea-ents of the 

As the polymer P comprises multiple repeating units of v,^- 

weight of about 200 to 200 000 o,.f M • . ' ' 

CO /UU.OOO, preferably m the range of about 400 to 50 onn 
more preferably 1 000 to fin nnn » t. i luu to 30,000, 

-.000. suitable szT:::^:::::::': ^.^ ™- ^ 

be coupled to a ooI™„,v, , ft^nct.onalized polymer are to 

— aud itz: r mX~ 
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The spacer group X is optionally present. This invention provides 
ft] nationalized polymers in which the complementary reactive group capable of 
oxime-linkage formation is an amino-oxy group. Preferred is amino-oxy-acetyl 
("AoA"). In fact, additional stnicture (X or spacer group) can be used which 
connects an amino-oxy group to the polymer of interest. The spacer group X 
represents a non-reacting group comprising substituted or unsubstituted, branched or 
linear, aliphatic or aromatic groups such as phenyl or C,-C,o alkylene moieties. 
C,-C,o alkyl groups, or a combination thereof, or an amino acid chain (such as a 
flexible hinge or loop sequence (see for example Argos, J. Mol. Biol. (1990) 
211:943-958), or a nucleotide chain or a sugar chain or a lipid chain or a 
combination thereof and may contain heteroatoms. In the preferred embodiments of 
P-X-ONHj. X comprises -CHj- or -CHOH-, or more preferably -CO-CHi- or -NH- 
CO-CHj-. For example, in Example 1 below, X is -NH-CO-CHj- in the formula 
for AoA-MPEG: CHj-O-CCH^CHjOnCHjCHj-NH-CO-CHrO-NH,. When an 
amino-oxy group is on the functionalized polymer groups present in the additional 
connecting structure (spacer groups) adjacent to the amino-oxy function are not 
critical; however, a requirement of these spacer groups is that they do not interfere 
with the formation of the oxime linkage between the amino-oxy and its 
complementary aldehyde group. They should not react in preference to the 
amino-oxy group with the aldehyde, nor provide steric hindrance to the reaction, 
nor deactivate the reactive groups. Where the conjugated polymer is to be used for 
antigenic or immunogenic purposes, it is apparent to one skilled in the art that 
spacer groups are chosen that are not themselves strongly immunogenic. Where the 
conjugated polymer is to be used for binding purposes, the preferred spacer group 
enhances or at least does not interfere with properties such as binding, avidity, 
product stability or solubility. 

The spacer group X can be chosen to enhance hydrolytic stability of the 
oxime linkage. The hydrolytic stability of oximes is influenced by their structure; 
data indicate that oxime stability increases in the series: 
-CO-NH-CH,-CH=N-0-CH,- ^ -CO-NH-CH,-C(R)=N-0-CHj- < 
-NH-CO-CH=N-0-CH,- < -C^H.-CH^N-O-CHj-. Increased oxime stability may 
be obtained with the presence of aromatic groups in X. 
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b.-ft- c«o„aI, ..e. wm have cxi.e.fon,U,g groups. TT,. ^„p, J„, 

-«=nn, each others abm.y ,o fo™ an ox™, bond, on .he polymer 
"o^ prererably . each or .e^UU. Por e.an,p,e, dl^ydroxy po,ya^, J. 
^ ^nconauzed as «n,h. hereU, ,o obuin a po,y„er bavin, an Jo-ox x^e- 
f ,ro„p a. each of .e™i„i. r.. bis-a„inooxy po>y.er is reac^e 

d mbbeU c„o„ Where U,e poiy^er duon.b oxi^e Un.ca,es acs .o linic a 
nrs. fi,„cuo„a.^ ^„ m^eromotoio and second ft,„cUona..ed Urge. 

o:u™e.fo™., gr„„p, Hetero-d^ers can be fonned when ,he flrs. and second 
n>.cro.o ecuies are d^fe„„r, Hcero-dimers can be fonned, for exa„,p,e hy 
sequen.,^ reacions of .he f„. and second ftrnceiona^ ™cromo,ccaie (for 

sL , - ' — .e, or by 

a su,g,e reacuon Of .he poIy„,er „i,h a .ix.„ of ,he nrs, and second 
funconalized macronrolecuie present the sa.e tnolar ratio. Tbe duntbbeU 
cons,n.c,s of the present invention, and compositions thereof, have the Urge, 

rrr 1!""'"' ^'«'=>"'--. "•^•^ 

methods. Of defined stnrctune and honrogeneons co.posiUon. Preferred 
embodinrents of the bi-fttncional polymer contaU. two amino-oxy acetyl (AoA, 

roups Particnlariy p,,,.^ , AoA-PHC-AoA, where PHO o^its 
comprise the polymer moiety. 

In additional embodbnents of the invention the oxygen atom of the amino- 
group can be tepiaced with a stdphor atom, in which case chemoselectivT 

would yield a thio-oxime bond -C(R)=N-S-. 
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In another embodiment of the invention bi- and multi-polymer-containing 
functionalized polymers are provided. FunctionaJized polymers of these 
embodiments have the general formulas 

(P)„L-X-0-NHj 
or 

(P)„L-X-C(R)0 

where P is an organic polymer as defined herein, m is an integer from 2 to 10, 
more preferably 2 to 5, X is a spacer group as defined herein, -O-NH, is amino- 
oxy, -C(R)0 is aldehyde when R is hydrogen, and L is a multi-valent linking group 
to which each P (m in number) is separately and covalently linked, and wherein the 
valency of L is at least m + 1. When -C(R)0 is a ketone, R is preferably Cl-ClO, 
more preferably CI to C4, linear or branched alkyl group. In the aldehyde or 
ketone ftinctionalized polymer, groups present in the X spacer adjacent to the 
aldehyde or ketone function are not critical; however, a requirement of these groups 
is that they do not interfere with the formation of the oxime linkage between the 
aldehyde and its complementary amiro-oxy group. They should not react in 
preference to the aldehyde group with the amino-oxy. nor provide steric hindrance 
to the reaction, nor deactivate the reactive groups. The connecting group does not 
react with other functions present but if designed to do so then does not do so in an 
undesirable way (i.e., a way which reduces product homogeneity or activity). The 
spacer group preferably represents a non-reacting group comprising substituted or 
unsubstituted aUphatic or aromatic groups such as phenyl or C,-C,o alkylene 
moieties, C,-C,o alkyl groups, or a combination thereof, or an amino acid chain 
(such as a flexible hinge or loop sequence (see for example Argos, J. Mol. Biol. 
(1990) 211:943-958). or a nucleotide chain or a sugar chain or a Upid chain or a 
combination thereof and may contain heteroatoms. Preferably when the oxime- 
forming group comprises -X-C(R)0, X is a spacer group comprising -CH,-, -CO-, 
or -CHOH, more preferably -C^,-. Also preferred are an aldehyde and spacer 
comprising OHC-CO- or glyoxylyl ("GXL"). 

In additional embodiments of the invention the oxygen atom of the amino- 
oxy group can be replaced with a sulphur atom, in which case reaction with an 
aldehyde or ketone functional group would yield a thio-oxime bond -C(R) = N-S-. 
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invention fcacionaiized p„Iy„,e„ „f ,fce 

— co„jugaU„„ Of ,.e fi,„c.io„aiized polymer sUe-^ecmcaily to a ta..et 
~,ec„,e .s„„3 in att^ctaent of two o, n,o,. po,y.e.. J^^^ 
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^deMe ..^^^„,, ^ ^ ^^^^ ^^^^^^ Jd 

^eren. .o^nt.o.„oe an ..eMe (o. ..o) f„„eUon on a ta^e. n,a...o,:::° 
enable. ^ -""'"-P"'^— "-tatoS f^nctional^ed polymer 

^-c e. ,0 a s^„e. p..,h„se„ site on the target mac^olecu e. W J'^lt 

rr:?""' " ' ^ "^"'^ ^ - '» - v.ic : . 

l-n.ugl. X, and the ren,a,n.ng vale„de= of L axe occupied by one o, „,„„ i e „ 
PO yn,e.. ^e .t..c.„ of X. i= not CUca, nor a. the Mnjge. connj:; r.^:' , 
^.me„ so ,on. as X. provides no steHc hindt^ce to the subsequent oje 

p3t"' Zh r""'^ T ^ - -"C^o„s 

pre^nt Each am, or valency of the lirUdn. g„„p ^ 

2 - <" ~ groups such as pheny, or C,-C,. a,K-y,e„e .oieties, C,-C,. 

- °' "^"'""^ --"P'« Argos, J. Mol. Biol. (1990) 211-943 9S8, 

- nucleotide chain or a sugar chain or a Upid chain or a co^binatL t^^l ' 

a ir I ' ^ '""'"""^ - — ^P-«U With 

a group on the polymer, which prcfe^bly is located at a polymer telinur™ ' 

_ valency is protected for later reacUon with, or LLise Z a 

^^...enic pU: ; •: :::rr ^thrrr °' 

-sen that are no. themselves strongly immu„ogenic. CZ^ r;!?"^ 

:rj::r:r ~' ~ 

mterfere w,th propemes such as binding, avidity, pt^duct stability 
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or solubility. Linking structures can themselves contain valencies occupied with 
oxime-fomiing groups such that parallel assembly via oxime formation with a 
complementary functionalized polymer of the invention is employed to assemble the 
(P)„L- structure. Accordingly, baseplate structures described in co-pending United 
States Serial Numbers 08/057,594, 08/114.877, and 08/057,594, and co-pending 
International application PCT/IB94/00093 (which are hereby incorporated by 
reference) are suitable for use as L structures. The oxime-forming groups of the 
baseplates can be replaced with other complementary reactive groups; however, 
most preferably oxime formation is used for assembly.: For an example where non- 
oxime chemistry is used for (P)„L- assembly, see Example 4 herein where L is 
pentalysyl peptide (where m is 5) with each lysyl residue containing a covalenUy 
attached polymer and the peptide N-terminal contains the oxime-forming group. A 
preferred L structure is derived from a tri-amine compound wherein any two amino 
groups are each available for coupling to a polymer and the remaining amino group 
is available for introduction of an oxime-forming group. A preferred tri-amine is a 
compound of the formula N(R5-NH^„ wherein any two amino groups (-NHJ are 
available for coupling to the polymer and the remaining amino group is available for 
introduction of an oxime-forming group, and R5 is a non-reacting group comprising 
substituted or unsubstituted aliphatic or aromatic groups such as phenyl or C,-C,o 
alkylene moieties. C,-C,o aikyl groups, or a combination thereof, or an amino acid 
chain (such as a flexible hinge or loop sequence (see for example Argos. J. Mol. 
Biol. (1990) 211:943-958), or a nucleotide chain or a sugar chain or a lipid chain or 
a combination thereof and may contain heteroatoms. RS is preferably -CH2-CH2-. 
The three primary amino gn)ups are preferably distal to the nitrogen. Most 
preferably the tri-amine compound is tris-(2-aminoethyl)amine. 

As is taught herein a great flexibility is avaUable to one in the art for 
designing and obtaining L-structures of desired sequence, structure, valency, and 
function with specificaUy placed complementary reactive groups for attachment of 
polymers. Additional methods and compounds, which were developed in the 
laboratories of the present inventors and which are suitable for L-structure 
synthesis, are described in Rose (/. Amer. Chem. Soc. "FacUe synthesis of artificial 
proteins" (1994) 116:30-33; incorporated herein by reference). 
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As discussed herein, bi- and multi-polymer functionalized polymers of the 
— rmd p„ use i. systematica^y .odifyi., the Sto Jrl^. T; 

propeny ot that macromolecule. In the ca<:f» nf r^^, - . 

in me case of pharmaceutically imDortanf 

comam PEG o. ... d=„va..v„ as ,he po.y™=r backbone. I„ „„, ^ 

PEG or a denvative thereof and has the stixicture 

Rl-0(R2-0)nK2-R3 

Where „ U an i„,eger b=.„ee„ 5 and 2.000. P2 is a ,o„er alfc,, gr^p „bi.H i. 
=-SM, b^ncbed. sub.i.,ed. or .„s„bs,ta,ed. and (a, „„e of RI Jd T 

S I ir - op.-- spacer group ^e 

of eacb r=pea,.„g „„u in ,be po.ymer can be independent,, ,bc sa^e as or 

o and 2000, preferably between 10 and 1 non ,r,H . 

800 A ^- , preferably between 50 and 

..wee!' b": ~! :;t r r r "•"'^ ^^^^^-^'^ 

and 40,000. Typically the molecular weight (averape^ of 

-eludes the group consisting of 5000. 10.000. and 20.000. Rl or R3 cont." 
^nctional amino-o.y group capable of forming an o ^ uj^l^ ^ 
complementary aldehyde or ketone functional group on a tarnet se. h 
macromolecule TTie oxim^ fn • ^ °"P °" ^ «^g« second organic 

oximeform- ' ^^^P "^^-P-^ "O-NH,. Preferably the 

oxime-forming group comprises -X-O-NH where v • 

herein Prefer^hi \ ^ ^ " NH, where X ,s a spacer group defined as 

herem. Preferably when the oxime-forming group comprises -X-O-NH X is a 
spacer group comprising -NH-C0-R4- where R4 is a linear branch^'' , 
Wr alkyl. substituted or u.ubsti.ed. prefe.bly CH ^el^r; 
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attached to -O-NH^. A protective group is non-reactive with respect to the polymer 
functionalization methods of the invention or the target macromolecules of the 
invention. Preferably the protective group has between 1 and 10 carbons, more 
preferably it is an alkyl group, most preferably it is methyl. Prior to 
functionalization, preferably PEG has at least one hydroxy group more preferably it 
is a terminal hydroxy group. It is this hydroxy group which is preferably activated 
(fiinctionalized) to introduce a functional group capable of site-speciTicaUy forming 
an oxime linkage with a complementary reactive group introduced site-specifically 
on a target macromolecule. By "lower alkyl" group is meant a CI to CIO, 
preferably C2 to C4, alkyl group. 

In another preferred embodiment of the invention, bi- and multi-polymer- 
containing functionalized polymers containing PEG or its derivaUves are provided. 
These embodiments are those bi- and multi-polymer functionalized polymers as 
discussed above, but wherein two or more PEG polymers are attached to a single 
oxime forming group through individual attachment to the linking structure. The 
bi- and multi-PEG functionalized polymers of the invention find particular use in 
systematically modifying the Stokes radius of a polypeptide, which, in the case of 
pharmaceuticaHy imporunt polypeptides, preferably allows systematic modification 
of its pharmacokinetic behavior, and ultimately its therapeutic efficacy. 

More specificaUy, the invention relates to preparation and use of a 
ftinctionalized PEG and dextran: monofunctional MPEG-NH-C0-CH2-0-NHj, 
Dextran-0-CH(CHOH-CH,OH)-(CHOH),-CH,-NH-(CHj),-NH-CO-CH,-ONH„ 
Dextran-0-CH(CHOH-CH,OH)-(CHOH),-CH,-NH-(CHJ,-NH-CO-C^,-CHO, 
bifunctional NH,-0-CH2-C0-NH-PEG-NH-C0-CH,-0-NH,. and muIti-PEGyla'ted 

(PEG),Lys-NH-(CH,),-NH-C0-CHj-0-NH„H0-((PEG)Ly5)rNH-C0-CH,-0-NH,. 

and (PEG-aminoethyl)2-N-(CHj)j-NH-CO-CHj-0-NH,. 

In a preferred embodiment of the invention, functionalized polymers, as 
taught herein, containing dextran or its derivatives as the polymer backbone are 
provided. In another preferred embodiment the functionalized polymer is a mono- 
functional or a bi-ftmctional polymer that contains dextran or a derivative thereof. 
In yet another preferred embodiment, bi- and multi-polymer functionalized 
polymers, as taught herein, containing dextran or its derivatives are provided. 
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m 3„„,he. embodiment of ,he tavento methods a« provided for produci., 
U>= fttncon^ed polymers of the inve„ao„. I„ the ,e„e.„ case, a polymer a 

.r rir "''^ ~ is : dL 

at .h react^e ,ro„p ,„ contain an oxime-fot^ing gronp. A.y of numerous 

poWmr;r"'l '^^'"'^^ °" ~ - 

^o™, of , e poiymer in wKicb aii but one reacUve group (or aU but two when a hi- 
^n«,o,,a, poiymer U desW, is p^tected from reaction can be used a stanu,. 
— Modiftcation to an oW-forming gtoup can occur in s^uential ste; 

.0 another reacttve group that is readUy acyiated with a protected-amino-oxy- 
con.am.ng compound such as B„c-NH-0-CH2-COOSu. ^e amino-oxy group c^ 

^ ii rr" """^ °' 

cm CH2 r * '"'"^ ™^-°-(CH2-CH2.0,n- 

CH2 CHr^" " ' " '"=''^' H2N-(CH2-CH2.0)„. 

C^H b CH3-0-(CH2.CH2-0,n-CH2. 
COOH by the steps of caxboxymethyiation (Royer and Ananthanmaiah (,979) I 
Am. Chem. Soc. 101:3394-3396). > 

Using the above intermediate PEG-NH, compound, an oxime-formir,. 
S^P .s mttoduced at each amino fi.„ctio„ by acylaUon with BOC-NH-O-Cm- 

Of r " ^"""'^ feU-ta. sedes 

Of^cttons PHO-OH . PBO-C, - PHO - N. - PBO-NH, according to a ' 

P-dure alteady described (ZaUps^ e. al., (19S3), Eur. Polym. ,9, „„. 

In another embodiment, bi- or multi-polymer f^tnctionalized polymers are 
^yn.he..ed by flrst obtaining an . st^cture of desired multi-valency usuL 
havmg one valency protected, and then reacthg the protected L-structure wi h an 
appropr^tely acUvated polymer intennediate typically using l^g chemistril 
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known in the ait or with a functionalized polymer of the invention via oxime 
chemistry. After isolation of the bi- or mulU-polymer product, the product is 
functionalized according to the invention by deprotection of the protected remaining 
valency of L foUowed by subsequent reaction, e.g. acylation in the case of an amiJo 
group, with a suitably protected-amino-oxy or protected-aldehyde containing 
acylating group. After deprotection of the oxime-foiming functional group, the 
final product, the bi- or multi-polymer fiinctionalized polymer is obtained. 

Alternatively. L is first derivatized with a suitably protected-amino-oxy or 
protected-aldehyde containing group, the mono-substituted derivative is isolated, the 
mono-substituted L derivauve is then reacted at each remaining valency with a 
polymer intermediate (such as one having a COOH when L contains NH, or an NH, 
group when L contains COOH) or with a fiinctionalized polymer of the invention 
(when oxime chemistry is used to assemble P to L). For example, MPEG-COOH 
intermediate polymers, which can react with free amino groups on an L-structure. 
are provided. The coupling wiU take place in the presence of HOBt and DCC. or 
without these reagents if the succinimidyl derivadve of MPEG-COOH was 
previously prepared. After deprotection of the oxime-forming ftmctional group, 
the final product, the bi- or multi-polymer fiinctionalized polymer is obtained. 

When the L group is formed from amino acids, the peptide sequence of an 
L structure can be synthesized by routine solid phase peptide synthesis ("SPPS"), 
and while the peptide is stiU atuched to the soUd phase PEG-COOH in an acuvaied 
form, such as the N-hydroxysuccinimide ester, can be added to the nascent peptide 
chain. For example, the L structure can consist of a peptide having sue reactive 
groups such as five lysine residues and an N-tenninal amine group. PEG-COOSu 
hydroxysuccinimide ester can react with each of the c-amino groups of the lysine 
residues (while the N-terminus a-amino group is left protected). The N-tenninal 
amine group of the ftiUy acylated peptide is then unprotected and the polymer- 
containing structure is reacted with a Boc-AoA-containing active ester to introduce 
the AoA group, which after Boc removal and mild cleavage from the resin, yields a 
penta-polymer-containing fimctionalized polymer of the invention. It is noteworthy 
that this method finds particular use with synthetic structures (and perhaps certain 
recombinant products) since these can be designed to exclude additional residues, 
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rrr ' """" - ~ « - CO vi: 

^ ox.<,aUo„ ^cuon can ^^^^.^ „3;„^ 
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^oval orpcHoCa., ,o.«a„p,e „vc„= pHase H... pcrfo™a„ce .,1 
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'O^ .HO .„oxy,„. One s^ed i„ ..e an ,.„W3 of „e.hods for Ce^icaU, p 
an N-.e™.„al serine fro™ oxida.ion, when such pro,ec,io„ is desired 1 N 
.ennmal amine gro.p can then be unpro,ec,ed and the polymer-contaimng s,n.c,ure 
-ea..^ With a Boc-AoA-contai^, active ester to i„.™d„ce the AoA ,r 7 
wh^ch after Boc removal, yieids a pe„t..po,y.er ^nc,i„„a,i.ed poiy^er o 1: 
— . BOC or the typicat atnino-protectin, ,ronps used in pepLe sy^^Iis 

synthesis. 2nd ed., Wiley, New York. NY). 

rayTntrd"^ '« - be designed and prepare „ 3,,. 

" ^'-P -Ws Itnown in the an 

rrr,',r fo„„d in co-pe„d^, „„i,ed State. Serial Nutnbers 0S/057",4 
0^U4,877, and 08/057,594, 07/S69,05I, and 08/241,697, and co-pondta/ 
In entattonal app.cation PCr/m94/00093 (which are hereby incotporated by 

i^ZZJ^Z' - ^ o^-- "y -.binant method or 

■seated front natt^ral sources, and an oxitne-fomt^g con,p,e.e„,a,y reactive group 
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an aldehyde or amino-oxy group, is site-specifically formed at a desired location of 
the macromolecule. 

In a preferred embodiment of the present invention functionalized polymers 
are prepared that are reactive site-specifically with polypeptide compounds, or with 
compounds or materials containing amino acids, in which an amino acid has been 
modified to contain an oxime-forming group speclTically reactive with the oxime- 
forming fijnction introduced onto the polymer. Preferably the N-terminal or C- 
terminal residue of a polypeptide is so modified using methods presented herein. 
Co-pending appUcations United States Serial Numbers 08/114,877, filed August 31, 
1993; 08/105,904, filed May 12, 1994, as weU as PCT/IB94/0093. fUed May 5, 
1994, each of whose contents are hereby incorporated by reference, present 
additional methods for site-specific modification of target compounds, particularly 
polypeptides by both chemical and enzymatic means, that fmd use with the 
functionalized polymer compounds of the present invention and methods for their 
conjugation to target molecules as taught herein. 

In the case of a polypeptide, the oxime-forming group is introduced 
preferably at a C-terminal of the polypeptide by selective enzyme catalyzed reverse 
proteolysis or at an N-terminal serine or threonine by mild oxidation. (See for 
example Geoghegan et al. (Bioconjugate Chem. (1992) 3:138-146); Gaert'ner et al. 
(Bioconjugate Chem. (1992) 3:262-268); EP 243929; and WO90/02135, which are 
incorporated herein by reference.) A recombinant or natural peptide may have 
multiple C- or N-tenmini, such as would occur in a dimer or tetramer, each of 
which can be functionalized. 

The water-soluble polymer reagents of the invention may be used to modify 
a variety of polypeptides or similar molecules that have been site-specificaliy 
modified to contain a complementary functional group capable of oxime formation 
with the functional group on the polymer. Polypeptides of interest include: 
antibodies, monoclonal and polyclonal; cytokines, including, M-CSF, GM-CSF. G- 
CSF, stem-ceU growth factor; lymphokines, IL-2, IL-3. growth factors, including, 
PDGF, EGF; peptide hormones, including, hGH, erythropoietin; blood clotting 30 
factors, including. Factor VHI; immunogens; enzymes; enzyme inhibitors; Ugands 
and the like. Polypeptides of interest for water-soluble polymer derivatization by 
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cyoW. growa facors. enzymes, vaccine anUgen., and antibodies. Water- 
soluble polymer derivatization of etythiopoietin (EPO), especiaUy human 
erythropoietin is of parUcular taterest. Polypeptides of interest may be isolated 
from theu natural sources. geneticaUy engineered cells, or ptoduced by various in 
vtro synthesis methods. The foUowing paten, applications (which are heteb, 
-...porated by reference) repon PEGylated modir.catic„s of vat^ous biologic^y 
-portan. proteins: "-S. Pat. No. 4,179337; U.S. Pat. No. 4,609.546- U S Pa 
NO. , 6,973; „.s. Pat. Ho. 4,055.635; U.S. Pat. No. 3,960,33^; U.S. Pat No 

4 4 4 4^' NO. 
4,4 4,,47; U.S. Pat. No. 3,788.948; U.S. Pat No. 4,732,863; U.S. Pat No 

4745,180; EP No. 152,847; EP98nO published January 11. 1984; 1P5792435 
proteins, in theix unmodmed state, are target macromolecules for site-specific 

funcuon^tton and subsequent site-specie polymer-conjugation, as Uught herein 
A pepfde, polypeptide, or protein (used interchangeably hetein) shall mean 
both naturally occurring and recombinant fonns, as veU as other non-natutally 
occumng forms of the pepUde or protem which are sufTtcienUy identical to the 
naturally oceunring peptide or protein to allow possesion of simUar biological or 
chemtcal activity. As is tax,wn in the art peptides can be fomted from of 
non-natu^y occurring or non-proteinogenic a^ino acid residues. Furthetntore as 
■s weu .mown m the art, antmo acid residues can be joined via non-amide linkales 

Pepttdes or proteins can also contain protecting gtoups a, either temrinal that ' 
prevent or minimize degradation of the peptide or protein in vivo ■ 

used to '^'"^ 

used to modtfy most polypeptides, it is of panicular interest to modify (1, 

polypeptides for use as drugs, and (2, polypeptide, for use in assays. Polypeptide 
for use u, assays include specific binding proteins, polypeptides recognized by 
^binding prote^s, and e^.es. By specific-binding proteins it is intended 
-.bodtes. hormone receptors, lectins, and the Ulce. By the tenn "antibodies ■ it is 
-tended to mCude both polyclonal ^d monoclonal anybodies With natural ' 

rarbe°ltr~' "'^""^^ -'bodies 

n-ay be modified so as to be joined to any of a variety of labels, fluorescent 
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radioactive, enzymatic, biotin/avidin or the like. Synthetic antibody derivatives 
include natural immunoglobulin sequences that have been mutated and selected for 
altered binding specificity, various immunoglobulin gene derived polypeptides, 
typically single chain, produced by genetically modified bacteria, antibodies 
modried so as to contain modified constant regions and the like; a review of such 
synthetic antibody derivatives based on the principles of antibody formation is 
provided in Winter and MUstein. Nature . 349:293-299 (1991). An andbody is a 
glycoprotein of the globulin type that is formed in an animal organism in response 
to the administration of an antigen and that is capable of combining specificaUy with 
the antigen. These are also referred to as immunoglobulins. Antibody fragments 
can retain some ability to selectively bind with their antigen or hapten. The ability 
to bind with an antigen or hapten is determined by antigen-binding assays (see, for 
example, Antibodies: A Laboratory Manual, Harlow and Lane, eds.. Cold Spring 
Harbor, New York (1988). which is incorporated herein by reference). Such 
antibody fragments include, but are not limited to, Fab. Fab* and (Fab')3. A native 
antibody is one which is isolated from an animal or from an animal or hybrid 
animal (hybridoma) cell line. 

The teachings herein describing groups present in the additional connecting 
structure (spacer group) adjacent to the aldehyde function or the amino-oxy function 
present on a functionalized polymer applies to any spacer group present on 
functionalized target molecules as well. 

In one embodiment of the invention, the C-terminus is modified, preferably 
with enzymes that can direct biftinctional reagents with suitable reactive groups 
specifically at the C-terminus in polypeptides or proteins (e.g. antibodies). The 
carboxyl terminus of a polypeptide chain is, at least in terms of primary structure, 
in most cases far from the active site of a protein. In another embodiment of the 
invention, use is made of the fact that specific bifimctional reagents with suitable 
reactive groups preferably or specifically react at non-carboxy terminus sites of a 
polypeptide molecule. In a most preferred embodiment, the amino terminal group 
is the site-specific target after reaction to activate the N-terminal site on a peptide. 
In a preferred reaction, N-tenminal serine ("Ser") and threonine ("Thr") residues are 
oxidized in an exceedingly mUd reaction with periodate (e.g. 20"C, 26 protein, 
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(1968, Biochen, I P™'="> S™P^ Dixon, 

greater .JT.' J " ' °' ^'"^'y « °'«^«'. For 

^^^^ K-,er.M Ser or ^ c„ i„„ 

=«»p.e an a».„„pep„<„,,, di„.M„pep«da,e, or proline specif. endopepUdase 

.s the of ttansa„„au„„ to convert an N-tennina) residue of a pn„ei„ 
an acve carbony. «t„cUo„, p„fe.,„ ~ 

«a„.e Of .he p™.ei„. ^ ^ 

Hn.yn,o,., 25:409.4«,, methionine was transan-inate. in the specrcase ofltri, 
^ escHhed in Hxa^pie S. ^e po,„i K-termina, a^plc aide^^ o^ 
Ketones ptoduced by these techni,„es .ay be teacted with p„.y„ers prefel 
tuncfonahzed with antino-oxyacetyl gronps. ' 

'*''™°='"'"""''«y««y'S"=>.p was directly atuched to polymers 
^^^y --onali^ With e„he. a n.,„e a™i„„ ^ , „ j::,,, 

dumblr (^P'= 2, for the constntcUon o, the 

Descnbed structures are the foUowing: 

(PEG-CONH-(CHJ0^-(CHJ,-NHCO.CH,-O-NH, 

PEG-LysCPEG,.NH.(CHJ,.NHC0-CH,-0-NH, 
H,N.O-PH,-CO-(L,s(!>E0„, 

a .ingle ^^l^"";'"^.'"'^- ---^ can also be atuched site-specificaUy at 
M w,th the complemenun, aidehydic fi,„c,ion. e.g. PEG-0-CH,-CHO 
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or PEG-NHCO-C^,-CHO, as described in Example 12, which can be obtained by 
reacting, for example, amino functionaUzed PEG with carboxy(benzaldehyde)OSu, 

In the same way, a polyaminooxy tag can be introduced at a single site, in 
order to obtain a multiann-conjugate, as it is shown in Example 18, with (H^N- 
OCH2-CONH(CH2)2)3N and PEG-CHO. 

In less preferred embodiments, the site-specific target is a side-chain group 
of a polypeptide not necessarily non-terminal, preferably an amino acid residue 
present at a single copy or otherwise preferentially available and sensitive to 
modification. Alternatively, a unique residue may be introduced by recombinant 
methods. The side-chain group may be fu-st modified using method taught herein to 
put in place a reactive group (aldehyde, keto or AoA) that wiU subsequendy 
specifically react with a complementary reactive group on a fu notion alized polymer 
(e.g. AoA or aldehyde). 

In another embodiment of the invention, a target macromoieculc, 
particularly a polypeptide, is modified site-specifically at a locadon other than at its 
termini. Modifications to the primary structure itself, by deledon, addition, or 
alteration of the amino acids incorporated into the sequence during translation, can 
be made without destroying the activity of the protein. Methods for making such 
modified proteins, known as "muteins", are described in U.S. Pat. No. 4,518,584 
issued May 21, 1985, and U.S. Pat. No. 4,752,585, issued June 21, 1985, both are 
hereby incorporated by reference, and are well-known in the art (see Current 
Protocols in Molecular Biology, ed., Ausubel (1994), Greene Pub. Associates and 
Wiley-Interscience, J. Wiley, New York, NY; aU volumes of which are hereby 
incorporated by reference). For example, at least one amino acid residue which is 
not essential to biological activity and is present in the biologically active protein 
can be replaced with another amino acid which is amenable to subsequent site- 
specific modification to create a functionaUzed target macromolecule of the 
invention. 

Polymers functionalized with a hydrazide group can also react with the 
specificaUy introduced aldehydic or keto group, to form a hydrazone linkage. 
Though this bond is known to be less stable than the oxime bond, especially under 
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r: - - 

Target macromolecute polypeptide can be produced by a prokarvoUc 
m.™. or a eutaryouc c=U ,ba. has bee„ transfo^ed w ,H al^To 
~ po,ypep,d=-e„codta, BNA 3e<,„e„ce, prefe„b,y of hu J „ ' 
Variants of „a„.raa,y occ„™, polypeptides, wherein .bstantial idenl rf • 

one or ™o.. a.„o acid aite^Ue^ (de.eU„„, ^ 1 
^use a ^o not 

altered proteu, and native protein) ate usefiil he„:i„. ' 

In another emboditnent of the present invention are provided a target 
oIuMe ^„e,„„^,, ^^^^^^ -ter 

~, bonded to one or „ote water-so,„b,e po.ytners at a sin.ie site ^n the 
-.e. n,aero„o>ec„,e via an o^e ^,e. These are referred to herein as 
Polyn-er conjugates.- As discussed above, prefe.b,y ^^^^^ ^ 

PO-ypepude, mote prefetabiy a poiypepUde of biological i„,polnee 

water soLt"1 """"" " ~ " ^'^'''^ 

water-soluble polymer PEG or its dedvaUves via an oxime Untat-e ' 

The subject invention includes funclionalized tar-et macro,„nL , 

conjugates are represented by fonnulas ^ 
B-C(R,.N-0-X-PorB-C(R,=K-0-X-I.(P,.orB-0-N=C(R)-X-Lff, wH • o 
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preferably P is covalently joined site-specifically to a funcUonalized N- or C- 
terminal residue on B. In additional embodiments of the invention the oxygen atom 
in the oxime bond of the formulas is replaced with a sulphur atom to obtain a - 
C(R)=N-S- thio-oxime bond. 

Individual functionalized target macromolecules can be derivatized by one 
or more different water-soluble polymers by means of reaction with different 
embodiments of the polymer compounds of the invention. Individual target 
macromolecules can be modified with multiple water-soluble polymers at a single 
site when m is greater than one. Preferably P is a polyalkylene glycol or a dextran 
derivative. 

Biological activities of proteins modified with PEG or dextran polymers are 
preserved to a large extent as shown by the Examples below. 

Salts of any of the macromolecules described herein, e.g.. polypeptides, 
water-soluble polymers and derivatives thereof, will naturally occur when such 
molecules are present in (or isolated from) aqueous solutions of various pHs. AU 
salts of peptides and other macromolecules having the indicated biological activity 
are considered to be within the scope of the present invention. Examples include 
alJcaH, aUcaline earth, and other metal salts of carboxyUc acid residues, acid addition 
salts (e.g., HCl) of amino residues, and zwitterions formed by reactions between 
carboxylic acid and amino residues within the same molecule. 

As will be readily 

appreciated in light of the present invention, homogeneous polymer conjugate 
compositions can be comprised of homo- or hetero-polymers. As discussed in the 
remainder of the application, when a heterobi- or heteromulti-polymer 
functionalized-polymer is attached to a target macromolecule not all of the polymer 
molecules attached at the single site wiU be identical with respect to chemical type 
or MW(av), nevertheless the composition can be homogeneous as defmed herein. 
For example, step-wise assembly of polymers onto a Unking structure ("L") (see co- 
pending United States Serial Numbers 08/057,594, 08/114.877, and 08/057.594, 
and co-pending International appUcation PCT/IB94/00093, which are hereby 
incorporated by reference) allows the introduction of different polymers at each step 
to create a homogeneous composition of a hetero-polymer. 
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polymer constn.., T homogeneous prepaiadon of a mum- 

emb^i^en, of m„>,i.po„„er fi.„e«o„aU.ed po.yme„ have ,he „vc J 
fl.n«,o„ab.ed polymer, from those deschbed above 

dffe™, are each aeuched via „ j„ 

~:;:ra::::rr'^-°-- -----^^^^^ 

cnvatwes as the intervemng polymer. 
Provided by ,he preset invention are methods of polymer conju-ate 
formauon mcl„di„, the step of reactin, , ^„,,„„^^ 

Soft^ . Che target macromolecle by an oxL^e M=a,e. Por exampl an 
oximation reaction can occur bet«/e^n r-vr a ■ 

macromolecale and it. c ^^-^""-onal group introduced on a target 

4 6 to fonTr ^^"'^'^"'^"^ group introduced on a poly.er at pH 

4-6 to form the oxmne-conjugate. Oximes form over a wide ran^e of oH , 
form rapidlv at nW «oi . . ^ °^ ^^"^s and 

Piaty at pH values less than about pH 5 The extenf nf « • . 
be monitored by RP HPT r ^ u ^''^^n' of o^mie formation can 

.el e^^p^r .^^^^^^ can be determined by 

can occur be^n Itr^r^^^^^^^ ^" 
Altem.r- , '^^A-group and a polymer having an aldehyde group 

Alten,at.vely.oximationisrunatpHbelow4.6. Lower pH can b h 

- xro~ L" .r" ~" "^^-^ -"^^ ■ 

Of a polymer .d , ^12^. " T'^ " """^ 

■arge. for oxtme-conjugate formation and choose an approphate 
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pH for a specific oximation reaction, taking into account pH stability of the 
molecules during the period of the oximation reaction. Oximation due to 
chemoselective ligation of the complementary chemical groups results rapidly and 
essentially quantitatively in the formation of a homogenous preparation of a oxime 
conjugate of defined stnicture when the AoA and GXL pair are used. 

Oxime-forming complementary chemicaUy reactive groups can be attached 
in either a protected or an unprotected form. Methods to attach an oxime-forming 
complementary chemically reactive group to a target macromolecule include 
attachment through a chemically reactive side chain group. For example an 
oxime-forming complementary chemically reactive group can be attached to a 
cysteine-containing target macromolecule via the S atom by alkylation or disulfide 
formation. Then upon oximation to a fimctionalized polymer having an aldehydic 
function the target macromolecule is attached via its Cys residue through a thioether 
Unk (or disulfide bond) and an oxime link to the polymer. Preferred alkylating 
compounds are alkyl halides having an attached AOA group. Specifically preferred 
are those having a BOC protected amino-oxy group preferably an AoA group. 
Preferred are Br-CH2-CO-NHCH2CH2NH-CO-CH2-0-NH-Boc. where the AoA 
group is protected and can be removed prior to an oximation step, and 
Br-CH2-CO-NHCH2CH2NH-CO-CH2-0-NH, Another alkylating reagent is Br- 
CH,CH,CH,NH-COCH,ONH-Boc. The bromoacetyl group is much more reactive 
for aUcylatlon of the thiol group of. for example, Cys residues. Less preferred is 
the iodoacetyl group because it sometimes is too reactive and may be lost by 
photolysis. Other alkylating groups, in addition to the bromoacetyl group, include 
the maleoyl grx,up. As taught herein, linkers for protein modification using this 
group are exemplified as AOA-Lys(maleoyl-beta-alanyI)-OH and maleoyl-beta- 
alanyl-NHCH,CH,NH-COCH,ONH,. Although (he maleoyl group is useful for 
making macromolecular conjugates, it is known to have serious stability problems 
(hydrolytic opening of the ring) and so is less suitable for making homogeneous 
polyoximes. Furthermore. aUcybtion involving the maleoyl group gives a linker 
which is more rigid and bulky than the link formed by alkylation with the 
bromoacetyl group, and is thus more visible to the immune system. A preferred 
linker for in vivo appUcation is one against which an immune response is not 
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d.™=.=d. Example, „f ^ „xin,e-fo„„i„„ 

pyndyl S-S-CH2CH2NH-CO-CH2-O-NH-B0C and 
2-pyridyl-S-S-CH2CH2NH-CO-CH2-0-NH, The resaltina r 

which ,s known to occur in lh= body. 

The oxime-linked polymcr-conj„ga„. and ,hc polyoxtae based maUi- 

One novo, chaxaccnsuc . ,h« .ho prepa„Uo„s arc homogeneous. The o«i„,e. 

rp:pr ::r "° " "^""-^ - ------ - 

he sp^^ ^ ^^^^^ 

then- individual component pans. 

P0„merTbi r ^ " = -no-^ncion^ 

as d^ed by the sCected p,acen,ent or the oL-C " 
fiinctionaj group on the target macromolccule. 

In one embodiment of the invention, the method of conjugation is 
perfoimed ui the foUowing manner. A ftinctionalized polymer so.u.io„ k- . 
With a functionau^ tatget macromo,ec„,e soiution at [ fT It Z 

above, the oxm,auon reaction can occur over a wide zange of pHs, 
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preferably acidic to about pH2, more preferably less than about pH 5, particularly 
when rapid fonnation is desired. More preferably, the pH is less than 4, most 
preferably about 3.6. The oximation reaction is compatible with lower pH values 
when it is necessary for maintaining target molecule stability or solubility. The 
reaction temperature is preferably room temperature, but can be adjusted to meet 
the specific needs for stability and solubility of the target macromolecule. The 
reaction time is between 10 minutes and 72 hours, more preferably between 3 hours 
and 48 hours, and most preferably between 6 hours and 24 hours. The 
functionalized polymer is in molar excess to the functionaiized target 
macromolecule. preferably between about 3-fold to 20-fold molar excess, more 
preferably between about 4-fold to 15-fold, and most preferably between about 5- 
fold to 10-fold molar excess. 

The fimctionalized polymer is preferably dUuted in aqueous, preferably 
buffered, solution at acidic pH. Acetate. O.IM, pH4.6 is a preferred solution. 
Optionally, a chaotropic agent is present in order to aid in accessibility of the 
functional group of the target macromolecule to the fiinctionalized polymer. A 
preferred agent should be inert to the oximation reaction, inert to both the polymer 
and target molecule, and will not prevent the return of biological activity (if it was 
affected by the chaotropic agent) when removed from the final product. A 
preferred agent is guanidine hydrochloride ("GuHCl"). preferably at about 1 to 8 
molar concentration in the final reaction, more preferably about 4 to 6 molar 
concentration. If the aminooxy derivaUve is not soluble in water, the conjugation 
reaction can be performed in the presence of an organic solvent. The solvent, and 
its concentration, should not irreversibly interfere with the biological activity of 
interest of the target macromolecule. Suitable solvents are weU-known in the field. 
For example, for certain poorly soluble peptides, up to 50% acetonitrile can be used 
for coupling. 

If desired, the polymer conjugate can be purified from the reaction mixture. 
There are many purification methods that are known to those of ordinar7 skill in the 
art such as size exclusion chromatography, hydrophobic interaction 
chromatography, ion exchange chromatography, preparative isoelectric focusin- 
etc. One particularly preferred method is to combine a size separation method with 
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charge separation method, for exan^ple. size exclusion chromatog^phy foUowed by 
xon exchange, see U.S. Ser. No. 253.708. which is hereby incorporated by 
reference ir. its entirety. Preferably, the si.e separation method is size exclusion 
chromatography which discriminates between molecules based on their 
hydrodynan^ic radius. Hydrodynamic radius is defmed as the effective molecular 
radxus of a particle in an aqueous environment. Preferably, the charge separation 
method is ion exchange chromatography which discrin^inates between molecules 
based on differential affinity of charged ions or molecules in solution for inert 
unmobUe charged substances. The size exclusion chromatography method and the 
.on exchange chromatography method comprise contacting a mbced solution of 
polymer conjugates with either column in the appropriate buffers and under the 
appropnate conditions. 

^ In another embodiment of the invention, the method of conjugation includes 
one-pot" synthesis. A functionalized polymer solution can be simultaneously 
moced w.th both a periodate solution and a target macromolecule havin» an N- 
termmal residue of serine or threonine, which is highly susceptible to " 
l^^nctiona^tion as described herein, under mUd reaction conditions. Formation of 
the desired polymer conjugate, with the polymer site-specificaUy attached via an 
ox,me Hnlcage to the N-terminal amino acid of the target macromolecule will occur 
without the need for addiUonal manipulation. The pH of the "one-pot" reaction is 
from about 2 to 9. preferably from about 3 to 7. more preferably about 4 5 to 7 
most preferably about 6 to 7. with a preferred embodiment at about pH 6 5 Bo'th 
the polymer and periodate are in molar excess to the target molecule. Tl,e periodate 
IS preferably in the molar excess range of 2-fold to 5-fold, more preferably 2- to 3- 
fold. Reaction times of less than about 3 hours are achieved. If desired the 
polymer conjugate is isolated as described herein. The reaction temperature is 
between preferably about 0»C to avoid freezing to below whatever temperature 
m,ght denature the target macromolecule, generally below about 100-C to avoid 
denaturation. and in the case of most protein about 50- C. More preferably the 
x^cUon is at about 15 to 25«C. even more preferably about 20»C. ^e molar ratio 

3-fold to 50-fold, more preferably 4-fold to 30-fo.d. even more preferably about 5- 
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fold to 25-fold. The molar ratio of target molecule to periodate is preferably in the 
range of about 1-foId to about 6-fold, more preferably about 2-fold to 4-fold. In a 
specific embodiment, n-8:NaI04:AoA was approximately 1:4:10. 

To determine which 

fractions contain the desired conjugate, the fractions can be screened against various 
standards. Preferred screening methods include SDS-PAGE, isoelectric focusing, 
bioactivity, and pharmacokinetics. 

Once it is known which fraction contains the desired conjugate, those 
fractions may be further purified. 

For example, the polymer/protein conjugate mbcture can be fractionated 
with the size exclusion chromatography column, the fi^cUons coUected, then run on 
an SDS-PAGE gel to determine which fractions contain the desired polymer/protein 
conjugate. Then, the fractions of interest may be further purified by contact with 
the ion exchange chromatography, the fractions coUected. and analyzed by 
isoelectric focusing to determine which fractions have the desired polymer/protein 
conjugate. Before the polymer conjugate mixture is subjected to chromatography, it 
can be initially prepared by removing impurities. For example, salts and chaotropic 
agents can be removed with preparatory columns, or can be dialyzed against 
appropriate buffers. 

Once the polymer conjugate is purified it can be tested for bioactivity using 
methods known in the ait. 

According to a preferred embodiment of the present invention, protein and 
other organic target macromolecules may be chemicaUy modified by conjugation to 
water-soluble organic polymers such as polyethylene glycol (PEG). The producUon 
of such protein conjugates is of interest because of the desirable properties 
conferred by the attachment of the water-soluble polymers. These desirable 
properties include increased solubility in aqueous solutions, increased stability 
during storage, reduced immunogenicity, increased resistance to enzymatic 
degradation. compatibUity with a wider variety of dn.g administration systems, and 
increased in vivo half-life. These properties that are brought about by the 
derivatization of polypeptides with PEG or other water-soluble polymers are 
especiaUy of interest when the polypeptide is to be used as a therapeutic agent 
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mjected into the body or when the polypeptide is to be used in assays. usaaUy 
nnmunoassays, for the detection and/or quantification of a compound of interest 

NatuxaUy, the utility of the functionalized polymers of the invention extends 
to preparation of polymer-conjugates of low molecular weight peptides and other 
materials that contain or are modified to contain a functional group complementary 
to that on the polymer. 

Non-medical uses of functionalized polymers, particularly PEGylated 
proteins include the preparation of polypeptides for assays, e.g. immunoassays 

The functionalized polymers can be attached to a solid phase, such as the 
surface of a siUcon chip, a tissue culture plate. ceU or membrane, or a synthetic or 
natural resin. One can chemoselectively ligate a functionalized polymer to a solid 
phase through the use of complementary functional groups introduced to the solid 
phase. 

As demonstrated herein, the ftmctionalized polymers are useful to monitor 
the appearance (or disappearance) of a ft^ncUonal group on a target macromolecule 
or sohd phase. 

After the polymer conjugate is produced and purified it may be 
incorporated into a pharmaceutical composition when target macromolecules 
beheved to be therapeutically effective for human and veterinary uses such as 
cancer therapy and the treatment of infectious diseases have been used. 

A therapeutic agent is 
any molecule, which, when administered to an animal, prevents or alleviates a 
disease or arrests or alleviates a disease state in the animal. Therapeutic agents may 
-elude, but are not limited to. antitumor anUbiotics. antiviral proteins 
radioisotopes, pharmaceuticals or a toxin. 

The polymer conjugate can be formulated in a nontoxic, inert 
Pharmaceutically acceptable aqueous carrier medium. A "pharmaceuticaUy 
acceptable carrier" means any of the standard pharmaceutical carriers, such as a 
phosphate buffered saline soluUon; water; or emulsion, such as an oil/water 
emulsion; potentiaUy including various types of wetting agents. The polymer 
conjugate can be formulated in a nontoxic, inert, pharmaceutically acceptable 
aqueous caxrier medium, preferably at a pH ranging from 3 to 8. more preferably 
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ranging from 6 to 8. When used for in vivo therapy, the sterile polymer conjugate 
composition wiU comprise protein dissolved in an aqueous buffer having an 
acceptable pH upon reconstitution. The polymer conjugate can be formulated with 
a number of excipients such as amino acids, polymers, polyols, sugar, buffers, 
preservatives, other proteins, etc. Specific examples include: octylphenoxy 
polyethoxy ethanol compounds; polyethylene glycol monostearate compounds; 
polyoxyethylene sorbitan fatty acid esters; sucrose; fructose; dextrose; maltose; 
glucose; dextran; mannitol; sorbitol; inositol; galactitol; xylitol; lactose; trehalose; 
bovine or human serum albumin; citrate; acetate; Ringer's and Hank's solutions; 
saline; phosphate; cysteine; arginine; carnitine; alanine; glycine; lysine; valine; 
leucine; polyvinylpyrrolidone; polyethylene glycol; etc. Preferably this formuladon 
is stable for at least 6 months at 4°C. 

As a composition, it is parenterally administered to the subject by methods 
known in the art. Administered means providing the subject with an effective 
amount of the compound or pharmaceutical composition. Methods of administration 
to an animal are weU known to those of ordinary skill in the art and include, but are 
not limited to, oral, intravenous, transdermal, and parenteral administraUon. 
Administration may be effected continuously or interminenUy throughout the course 
of other treatments. Methods of determining the most effective means and dosage 
of administration are weU known to those of skiU in the art and will vary with the 
compound or composition for treatment, the purpose of therapy and the animal or 
patient being treated. This composition may contain other compounds that increase 
the effectiveness or promote the desirable qualities of the particular target 
macromolecule portion. The composition must be safe for administration via the 
route that is chosen, sterile and effective. To maintain the sterility and to increase 
the stability of a polymer conjugate, the composition can be lyophilized and 
reconstituted prior to use. 

Preferably, the formulation is suitable for parenteral administration to 
humans or animals in therapeuticaUy effective amounts. These amounts may be 
determined by the in vivo efficacy data obtained after precUnical testij,g for: animal 
models of the disease state of interest or in vitro assays generaUy accepted as 
correlating with in vivo efficacy. 
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It is ato a. inKr«t to supply the waler-solubfe fi,„ctio„alired polymer 
resents of U,e inve„ao„ i„ ..e fo™ of a so as .o provide for .he lLe„, 
and reprod^cble deriv.dza<io„ of urgat macromolecules of inures. Ki« of 
mteres. ™ay contain solutions comptising the water-soluble f„„ctionali.ed potacr 
reagent Of the invention, buffers, reaction indicator compounds, iust^ctio,^ ^oteL 
concenttatton measutemeut reagents, e.g.. for Bradford assays, and the li.; 
Reagent solutions wiU preferably be suppUed in premeasured amounts 

ft.ncti„„r ""'^ ''''■^^'^'^ ^'"^-'"8 > complententary 

funcuonal group onto a targe, macromolccule of intetest. preferably under mUd 

condtaons. Such reagents can include a fiancionaLzed polymer of the invention that 
a^ows tbe f.„ctio„aU.«„„ „ ^ ^^^^^^^^ - ^ ■ 

Jgate). peptidases for K-tennina, cleavage, proteases for C-tem,L.al site speciTtc 
conjugauon. Unlcer groups containing protected amino-oxy groups, peHodate 
molecular weight markers (as in the fotm of polymer conjugates of known ' 
molecular weight) and optionaUy any buffers or solvents for carrying out 
funcuonalization of a target macroniolecule. 

Kits can contain a sedes of individual soluUons (or powdered fonn) 
PO^ymer-conjugates containing polymers of known composition, molecular wei-ht 
and conngutation (whether mono-polymer, bi-p„lymer or tnulti-polymer, atuch'ed to 

11217 ' °' — 'Hat can be used 
as sundards, for example to estimate completion and/or yield of conjugation 
reactions or to provide molecular weight standafds. 

Polymer-conjugate embodiments of ,he invention can be used in improved 
^.s for dtagnostic purposes or as improved reagents for assays, for example J 
btndmg assays such as immunoassays. For example, polymer conjugate 
compositions bearing antigen pepUdes provide increased detection sensitivity in 
sobd-phase immunoassays. ^ ,a„er, bi-valent or multivalent polymer conjugates 
can more readUy. adhere to surfaces such as the muUiweU plates use^ ;„ ' ' 
.nmunoassays. Polymer conJuga.es, panicularly multi-polymer-contaimn, polymer 
onjugatcs. find use in in vitr. assays that use a signal ampli^cation step for 
dete<:bo„ of an anaiyte. as for example in a b,anch..d DNA ("bDNA-, based assay 
AntpUficatton is achieved by the atuchment of multiple polymers (rather than a 
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Single polymer) to a single analyte molecule, wherein each polymer contributes to a 
detectable signal in a subsequent assay step. Targeting of the polymer conjugate to 
the analyte is readUy provided, including for example by use of a linking L group 
that comprises an analyte binding group or by use of a hetero-polymer construct of 
the invention wherein at least one polymer on the construct provides analyte 
bmding. Preferred are multi-polymer-containing polymer conjugates of the 
invention, particularly those in which the polymer comprises a specific nucleotide 
sequence as a repeating unit that is subsequently detected by hybridization to a 
labeled second oligonucleotide, wherein the label can be radioactive, fluorescent, 
enzyme-linked, or the like as is known in the art. Alternatively, the ftmctionalized 
polymer can itself be derivatized to contain a detectable marker enzyme-link, or 
other reporter group. 

General methods and principles for macromolecule puriTicaUon, particularly 
protein purification, can be found, for example, in "Protein Purification: Principles 
and Practice" (1987) by Scopes. 2nd ed.. Springer-Verlag, New York. NY. which 
is incoiporated herein by reference. 

Also provided herein are methods of systematicaUy modifying the Stokes 
radius of an organic target macromolecule. including the steps of (a) obtaining a 
site-specifically-functionalized target macromolecule comprising a first oxime- 
forming group, (b) obtaining a series of ftmctionalized organic polymers of the 
invention that differ from each other in the series in topology but not molecular 
weight(average) and that include a second oxime-forming group complementary 
reactive to the fust oxime-forming group on the target macromolecule, and then (c) 
conjugating the ftmctionalized target macromolecule separately with each 
ftmctionalized polymer via a chemoselective, site-specific oximation. preferably 
under mild condiUons as taught herein, to obtain a series of conjugated polymers. 
The steps (a) and (b) are performed in any order. If desired one can identify a 
change in Stokes, radius for each conjugated polymer in the series, preferably by 
size separation methods. The method can further include conelating the change in 
Stokes radius with a change in a biological or physical property of interest of a 
target macromolecule. Alternatively, the method includes identifying a change in a 
biological or physical property of interest, e.g. pharmacokinetic behavior. 
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fonrnng group is -O-NH,. 

-n.^ in vivo blood ckamnce behavior of a macromolecul. „„st i„ oax, b. 
~ o„ i,3 S,o.« ..... e,„io„ voiu.. Of a .acro^oij ITa ^ 

Mobiii.y of a n,acron,oIec„Ie when subjec, ,o gel eiecmphoresi., whe»i„ , 
.hrce-dune„s.o„^ network of fu^enu fo™ po,« of variou. si.es for m er^l of 

In one embodi„,e„, of ,he present invention, fi^nctionalized polymers of 
^ .opoiog. bu, Of si^iiar „o,eo„,ar weigh,, ar. provided JJZZ 

Change in .he S.o.es radius of a Urge. „ae™™o,ec.e, mo. 
pr^fet^bl, create a fa™u, of n,oieeu,es by sys.e„a.ic in.roducion of a series of 
changes in Stokes radius. 

A series of conjugated target macromolecules can be rapidly pr^ared in 
2- - era .ono.po„„er, a .i-po.yn,er or a .uiti-poiymer-conlilT " 

mow , '^-■<'"^-' Poly-r co„s,™ct adds .he same 

r. rrrtr "'t ~" ^ ^ - - 

nolv ; ■ " '"'^"^ '^"^ of """Iting varying 

. mer co„„g„.ao„s ,he mobiiity of each poiymer conjugate is su«y 

=1.. herein, one can now more readily create (and -n„e-n,„=-, and iden,ifv 
.^ose co„j„ga,ed „,o,ecu,es having enhanced or desired behavior 

»lycol. ,o p,o,ems have been weU docun,en,ed and include ,hc following, ine™ . 

°^ as compared w„h ,be native ptotr. " 

Physiological pH When nadve protein is insoiuMe or only par^aUy soluble at 
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physiological pH, a decrease in the immune response generated by the native 
protein, an increased pharmacokinetic profile, an increased sheLf-life, and an 
increased biological half-life. 

By systematicaUy modifying the Stokes radius of a target macroniolecule, 
particularly a pharmaceutically important protein as taught herein, one can in turn 
systematically impart changes in the pharmacokinetic behavior of the molecule, 
which will enable one to more readUy create and identify those conjugated 
molecules having enhanced or desired behavior or therapeutic efficiency. Thus, 
ftinctionalized polymers having different polymer topologies whUe keeping the 
molecular weight (average) constant are provided. For example, a family of 
functionalized PEG polymers of sLmUarly weighted PEGs with differing topologies 
are provided such that the Stokes radius, and thus pharmacokinetic behavior of a 
biologicaUy important target molecule, can be changed in predictable and 
reproducible ways. 

Kits are provided that contain a scries of functionalized polymers for 
attachment to a target of interest, wherein the series comprises polymer constructs 
of simUar molecular weight but varying in the number of polymers present in the 
construct. For example, a series can comprise constructs of a 40 kD MW(av) 
polymer, and multi-polymer-containing construct of two 20 kD MW(av) polymers, 
four 10 kD MW(av) polymers, and five 8 kD MW(av) polymers. 

The present process is advantageous because the attachment of polymer(s) 
to a target is predictable and selective. 

A further advantage of the subject invention is that macromolecules, e.g. 
polypeptides, modified by the reagent compounds retain a greater degree of their 
biological activity than when the same target is modified to the same degree by 
joining water-soluble polymers by employing non-oxime and non-site-specific 
chemistries. Thus, the subject invention provides for modified targets that possess 
the advantages associated with the conjugation of water-soluble polymers while 
minimizing the loss of biological activity associated with the modification. 
Consequently, the targets that are more highly derivatized by the use of multi- 
polymer functionalized polymers, and thus possessing the advantages associated with 
the higher degree of derivatization, can be produced that have the same level of 
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PW.Ci.to chemistry of Ihe invention. 

An addia„„3i advantage is ti,at the sitc-specificity can be precisely located 

umbers as provided by and as taught herein 

oxnne luUge between polymer and target axe higldy ^eciAc ln,e 
o^at,o„ reactions taught here, provided co.p,ete or ^y ^Z. yieid 
Of the ,«c..o„ product. Such couple, n,o,ecu,e formation occurl Ider t 

useffl to m,n.m.zc uncr-molecular agg.ega.ion or n^ctions The o,i„,„ „ 
-^es place. Polymer conjugates are easily purified by virtue of the essenU Jlv 

iu^iuy {^i,e. , by the presence or absence of at I^trf rsr.^ , 

- ^ed.ods for their separation are read.y chosen Id^" 

Wrolysis Thus rK.^ "> 

suited o , °f P-X-^ly 

sutted to appUoat,o„s where integrity and stability of a complex is de,' M . 

stir : — - - ~ is 
~e chemr; pr:::rf:rr t—r --^ ^-'^ 

.od^cation Of both polyme. :d~™r rg^ ^ 



wo 96/41813 PCT/IB95/01175 



43. 

capable of forming oxime linkages. Because of this flexibility and the absence of 
the need for reversible protection, the design of polymers and targets extends to 
both artificial and natural molecules and their derivatives. Polymer-conjugates can 
be designed to improve solubility of peptides as weU as present peptides to receptors 
or antibodies or the immune system of an animal in multi-vaient and/or constrained 
forms. Polymer-conjugates formed from synthetic or recombinant polymers and 
target macromolecules have the additional advantage of being virus free. 

Accordingly, preferably the functionalized polymers of the invention and 
the methods provided herein aUow a polymer to be conjugated to polypeptide and 
protein derivative by a condensation reacdon between an aldehyde and an amino- 
oxy compound. Most preferably the complementary reaction is between a aldehyde 
or ketone and an amino-oxy-acetyl. In all cases an oxime bond is formed. 

The present invention provides further in vitro use of polymers, such as 
PEG. A functionalized polymer can be used to "tag" a target molecule and thus 
enable the molecule's subsequent detection and or quantitation in a number of ways. 
Most simply, the atuched polymer allows one to perform a simple size separation 
that wUl separate the polymer tagged-target molecule from other molecules in a 
mixture. For example, one can readUy foUow the modLTication of a target molecule 
for the production of desired functional sites as measured by the abUity to react with 
the reactive functional group on the functionalized polymer, which is in turn 
detected as the appearance of the polymer-tagged target. It is now readily apparent 
that different physicochemical properties of organic polymers can be taken 
advantage of in this way simply by changing the polymer. For example, a sUghtly 
hydrophobic polymer would aUow separation based on hydrophobicity. or one can 
use a polymer binding column that then selects for or against the polymer-conjugate 
as desired. In addition the polymer can chosen, or modified, so that it can be 
directly detected. This imparts the advantage that the polymer may contain multiple 
detectable sites (or repeating units), such that each site present in the polymer binds 
or is recognized by a detection system, thus resulting in the amplification of 
detection signal. Branched DNA ("bDNA") containing reagents exemplify the case 
wherein each polymer unit, in this case a specific nucleotide sequence or repeating 
sequence, is detected by specifically binding a second measurable reagent (Urdea 
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1994, Blo/Technoiogy 12: 926-928). For example, ta ,he copper caalyzed 
..ion pr«=„,e. ,e»i„, ,He 

of , .3^,, p„,,i„ „„„ ^ ^^^^ ^^^^^^ Bisapp.ara„ce of 
.h K- enn.,al gro„p could „o, be assessed by either n,aS3 spec»„,e.,y since 

c^y .he copper adduc, couid be identified, or by ceUuiose acetare eiecrophol s 
However, the appearance of «,e reacUve keto gro.p was easUy assessed by i,s ' 
ab^.y .0 react with a ^nctionaii^ed PEG derivative of the lavention as detected for 
exiraple, by simple size sepanilion in an SDS-PAGE system. 

EXAMPT.R^ 

ig|^MEI£J._Emiai g . naliz.,ion of Me,hoxvnolv»H,„.^ . "-U-- 

MPEGjtc (5S. Immol; M,(av) 5 kD) was dissolved in tolnene (30ml) and 
dtted by azeotropie distillaUon. Dry pyridine was added and thionyl chloride 
4™™l) was added dropwise during lOmin under reflux. The .tare was heated 
or 4hr, cooled ,o room ten,peramre, fdteted from pyridine hydrochloride and the 
»lue„e was evap„,i,ed in vacuo. T.e residue was dissolved in CH,CI„ dried over 
K2CO3 and filtered. The futrae was treated with alumine oxide C40g) and 
precipitated by cold ether, the polymer was .ec„s,aUi.ed from toluene/hexane- 
yield 4.6g (92%). 

azide ,8n^° 7'""" <*^' °-^"-') °MF (2Dml). sodium 

aztde (Smmol) was added and the mixture was stirred at .20= for 2 hr. TTe solution 
J cooled, fUtered and the BMP evaporated in vacuo. The residue was ta. e u i^ 

.ueno filtered and precipitated with hexane. The ptoduct was rectystallized twice 
from toluene /hexane ; yield 3. 6g (90%). 

to 3 , r!^"^"^""' " '"'"""^ ""'""I ""O""). 10% Pd/C 

0^3«^ded and the mix.re was hydrogenated in a low pressure hydrogenation 

atatus over night. T.e catalyst was filtered and ethanol evapo.,=d in vacuo T.e 
polymer was recrystallized f«>m toluene/hexane; yield 3g (86 %). 

MPEGskc-NHj (Ig. o.2n,mol, and Boc-NH-O-CHj-COOSu (0 5n,moll 
were dissolved in DMSO {4ml). the apparent pH adjusted to 8-9 with N ' 
methylmorphoUne and the mbtture stirred over night. MPEQ-NH^ acylation was 
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controUed by the quantitative ninhydrin procedure (Sarin et al. 1981 Anal. Biochem. 
117:147-157) on a lOul aliquot of the reaction mixture. The modified MPEG was 
then recovered by dilution with 5 volumes of water, foUowed by dialysis against 
water, dialysis and lyophilization. The Boc group was removed by dissolving the 
product in 10ml of TFA for Ihr at room temperature. TFA was removed under 
vacuo, the material was taken up in water, extensively dialyzed against water and 
fmaUy lyophilized; yield 0.93g (93%). 

The same procedure was used for the synthesis of AoA-NH-PEGiQ kD 
A0A-NH-PEG2Q kD corresponding PEG-NH2. 

EXAMPLE 2. Functional izatio n of Mrt hoxynnlvprhy i ene Glvcnl- !Zy nth..;. 
NH2ia£H2CONH-PEG-NHrn-rHo^OjjH o r"AoA-NH-PFO.NH-AnA ^^^ 

B0C-NH-O-CH2-COOSU (86mg, O.Smmol) was dissolved in 1ml dry 
DMSO. added to a solution of Ig (50umol) of NH2-PEG20kD-NH2 in 4ml of the 
same solvent and the apparent pH adjusted to 8-9 with N-methylmorpholine. The 
mixture was stirred at room temperature overnight and acylation controUed by the 
standard ninhydrin analysis. The solution was then dUuted with 5 volumes of 
distilled water, extensively dialyzed against water and fmaUy lyophilized. The Boc 
group was cleaved and the material further worked up as described in Example 1; 
yield 0.9g (90%). Conjugation with this polymer leads to dimer, e.g. "dumbbeU" 
formation. 



EXAMPLE RmcfionaliTation of M,.th o xvnolvethvlPne Glvcnl- !Zy r.th^.:. 

Myltivalenmnke^^ 

AoA"V - 

To 2.0g (3.9mmol) of Z-Lys(Z)-OSu was added 4ml ethylene diamine 
(60mmol) and the mixture stined for 2hr at room temperature, where Z is 
benzyloxy-carbonyl. The coupUng reaction was quantitative as controUed by 
analytical HPLC on a C8 column using a linear gradient of 0-100% B over 50min 
(tR= 41.5min instead of 48.5 for Z-Lys(Z)-OSu). The coupUng product was 
purified by flash chromatography on a silica column equUibrated in CHClj/MeOH 
(9/l,v:v) and dried by rotary evaporation to yield 1.4 g material. The product had 
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the expected m„,ec„,„ „eigh, « deee™ined by ESIMS CCalcd M+H. m/z 457 2 ■ 
found m/z 458.0). ' 

I 1 . J-'l^^-'^-'^^>^-'^^°-'^«2-0-NK.Moo was synthesized by adding 
U g BO -NH-O.CH,.CO0Su (3.8.™„„ o.9g of Z-I.ys(2,-NH.<CH,,,-NH " 

^Uu^ w... ,0 vo,„™es Of 0.1^ r.. a„d ..e p„d.c. purtT.ed on a plpa^al. 
HPLC co>u™„ 230X 25.„, i.d. (NuCeosU 300A, 7u„, C8, Macherey Na-el 
Oens„ge„. S.;^^^ „,^, , ^ ^^^^ » |^ 

a now Of 3„,„i„. ^„ ^^^^^ 

was cbaraoteH^d by HSIMS (caied M.H, ./z 630.2, fo„„d 630 V 

TOe Z group was cleaved by cauly,ic hydrogenaUon. Fo, this pu-pose ,he 

The produc, was purifled o„ ,bc s^c co.u.n ,ba„ p„vio„sIy used wid, a Itaear 
^55«Mbe p:^uc, was cba„c,erized by ESMS: c^cd M.H. „,/z 360.2, found „/z 

COOK '-'';^-<'^«^'2-"H<^°-'^«2-0-NH.B„c was acy,a,ed wi.b PEG,^- 
COOH, and PEGioaj-COOH. and PEO 20KD-C00H. 

OumoO, hyd^xy-benzcH^,, 80u.o„ and Dec (2..g, fOOuI^ 

vZrr '° -"^'^"■"•"■P^-^ - n.ixn.„ so^l 

cve^gb.. •n.e sundard ninhydrin ,es. showed .ha, acy,a.ion was c,uana«Uve Il,e 

ir T ' °^ ^'-'^-^ ' -^^-"e- wa™ 

for Ihr at ™„ .e.pe.«.„. „a was removed under vacuo, ,be n.a,eHaI was 



wo 96/41813 



PCT/IB95/01175 



47. 

taken up in water, extensively dialyzed against water and fuiaUy lyophilized (yield, 
300mg, 90%), to get the foUowing derivative: PEG5kD-LysCPEG5j^)-NH-(CH2)2- 
NHCO-CH2-O-NH2. 

A comparable linker was obtained by acylation of the lysine derivative with 
PEG,otD-COOH, and PEG^okd-COOH. 

EXAMPLE 4. F.inctinnalizatinn nf M ethoxvp nly ethvlene Glvrn l: Siy,nth^^;. nf 
Multivalent Linker An A-rLv.sfPF.rT ^jjjttj-ng 

Z-(Lys(Boc))5-OH was used as starting material. The peptide, once the 
Boc-group was removed, resolubilized in lOmM HCl, relyophilized and then was 
completely acylated with 2-fold excess of PEG5kD-COOH in DMSO in the 
presence of HOBt and DCC. The reaction mixture was diluted with distilled water, 
dialyzed and the soluble fraction further purified by ion exchange chromatography 
on a DEAE-A25 an CM-C25 Sephadex column, and lyophilized. The Z-group was 
cleaved by a 2h HBr treatment and the product was then acylated with Boc-AoA- 
OSu. FinaUy. the AoA function of the linker was deprotected by TFA treatment. 
The extent of functionalization could be evaluated by determination of reactive 
aminooxy groups with TNBS at 495nm, and was found to be 80%. 

EXAMPJ.E 5. F»nrtionali7^tinn of Dextran; Synthesis nf Dexfran -O -CHfrHClH- 

gH,Om-fCHnw>^-rw.^r»--^r-H,> ,-NH-CG-CH.-n-rvm , 

A unique reactive group was introduced in dextran (Mr(ay)9.3 kD and 

39kD) by modification of the reducing sugar by reductive aminatidn. 

Dcxtran39j^ (Ig, 25umol) was dissolved in anhydrous DMSO (4.5ml) 

with gentle heating (45'>C) and aUowed to return to 25»C. Ethylene diamine (500ul. 

7.5mmGl) and crushed 4-A molecular sieves (200mg) were added. The flask was 

flushed with Nj and then sealed and incubated for 24h at 37''C. NaBH4 (80mg, 
2.1mmol) was added, the flask flushed with N2 and the solution further incuba^tld 
for 24h at 37«'C. The viscous solution was then dUuted with 5 volumes of water, the 
pH adjusted to 5.0 by the addition of glacial acetic acid, extensively dialyzed 
against distiUed water and fmaUy lyophilized to afford SOOmg (80% recovery on the 
based on starting dextran). The yield of functionalization was estimated from the 
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972 Memod. E„.y.o... 25B, 464-468). A co^p^ble ex,=„, „, .„,.„^„, 

~: ''.T ^""^ = — - 

d=xe,a„wasqua„t.u>ively,cy,a,«,a,comroU«lby>heTNES,es, Th. , ■/ 

wa. d , , ^r^,^^^^ r.:::i:~L 

ddutcd w,,h waKr, extensively dialyzed and freeze-dried 

introdn '"-"""'^ wUh a su,„e a„,i„„„xy g^„p ,heir already 

....dnc^.™„a.a.i„„,„„p^,,„„^,,p„,^^^,^^__^^^^^^^^^ 

Z^^rr" • 'or example „„e 

.o=a,ed a, or s,«.spec:ficaUy i„„dnced a. .he N-,e™i„„, „f a p„,ei„ I 

xj.e, peHodxe cxidaUo. or ..„^i„aUo„ (as dic..^ ,y ,ne pa„,e„,„ N- 
.=r„..al sequence of the proteta), ,„ fo™ a s.b.e oxime bo„d. Si.e-.peci«c 

for s„e .peer. conjugaUon of a™i„ooxy ^ncUonalized sy„,Ke,ic po.y.er.. 

Modintaunn and rnn;„r„.i^., -f ^ ^ a-QSlan^ 
He N-,ennu,aI serine residue of .he short fo™ of IL-S (72 residues- 

duril. ,ol"? """"" °' '° """" °f ™Woni„e 

tee sundard condmons have been developed ,o eliminate ail risk of me.hlo„i„ 

ox.da.o„d„ri„,perioda.e.reau.e„„Oaert„ere.al. 1992 PepUdes " Z d 
and Eberle. eds. pp239-240 ESmiwr t ^ ' 

PP 240. ESCOM. Leiden, The Netherlands). The reaction was 
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Stopped by the addition of 2000 excess ethylene glycol over periodate and ftirther 
incubated for ISmin at room temperature, and the protein was finally dialyzed 
against a O.IM AcONa buffer, pH 4.6. Dialysis tubing was previously boUed in 1% 
sodium bicarbonate during 30min. Oxidation was confirmed by ESI-MS (calcd., 
m/z 8351.3; found m/z 8351.3±1.4). The oxidized protein was concentrated up to 
3-4mg/mI and was used in that fomi for the site specific attachment of the 
functionalized polymers to the N-terminus of the protein backbone. 

Conjugation with the pnlymer . A 10-fold molar excess of a lOmM 
aqueous solution of polymer was added to the oxidized protein, the pH adjusted to 
3.6 with glacial acetic acid and incubated for 20 h at room temperature. As shown 
m Figure 1, SDS polyacrylamide gel electrophoresis clearly demonstrates that a 
homogenous conjugation product corresponding to the attachment of a single 
polymer chain is formed. The molecular weight of the conjugate is directly related 
to the size of the polymer used in the coupling reaction. 

The conjugadon product was purified by ion exchange 
chromatography on a Pharmacia MonoS column equiUbrated in 25mM AcONa 
buffer. pH 4.7 using a linear gt:adient from 0 to 2M NaCI over 20min foUowed by 
reverse phase HPLC on an analytical C8 column using a linear gradient from 30 to 
65 % B over 35 min (Figure 2). 

In vitro activitv of rnnj noa.^r The biological activity of II-8 
conjugates was determined by a human neutrophil chemotaxis assay using a Micro- 
Boyden chamber as already described (Ribaudo and Kreutzer (1985) in Practical 
Methods and Clinical Immunology (Yoshida T. ed.). pp. 116-125, ChurchiU 
Livingston, Edinburgh, U.K.). 

While 11-8 showed an EC,, of 2 nM (concentration corresponding to 
50% of the maximal chemattractant activity), all investigated PEG-derivatives " 
(PEG^u,-, PEG,ou,-, PECou,-. and (PEG^),Lys-Il-8 and Il-8-PEGjou,-n-8) were 
shown to have an activity of the same order of magnitude with an EQo ranging 
between 3 and 10 nM. 

Phannacok'inrtir riiri . 11-8 and its derivatives were iodinated under 
conditions, which have already been shown to retain full biological activity as 
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by neat^Mi ch=,„o.^s (G.b e. al. (1990) Biol. Che„. 265:8311- 
Britfly, approximately O.SmCi of Na'«I was ;„ a Iml 

:i-8. Ihe .od,.aU„„ was WtiaKd by addWon of 15 „ of 2mM chiasm, T 

a 90.S incubation a>20-C, the iodi„atio„ reaction was 
.ennu,atcd by addition of 15 ,1 of 2n*i sodiun, bisnlfite and 10 .1 of 50 (v/vl 

potasstun, iodide. ^diodbated protein was separated fron, free -I on a GF5 
co,u.„ CPierce, equilibrated in PBS .d previously washed with the same buffer 
ontamu,, 0..» bovin, ^Ibu.in. specific radioactivity obtained ts m 

the range of 5-10 mCi/mgpmeU,. arnea was in 

vein of f , " » - "ail 

UpL s" """^ """"" °' - 

PEC „ . """" °' ""^^ ^i^Wn-S, IL-8- 

^EG ,1,-8 and (PEG,^,Lys-I1.8 given intntvenously ,o the rats are shown in 

Z unde th T" ' ™ - 

und r the phaonacotinetic curve. Most i.np„„a„„y. .he dutnbbeU and the 

irEO,„),Lys-dedvative considerably increase this area. 

A manual fit to these curves gives appaten, first T,„ values of 

approximately 10 rain for 11-8, 17 min for PEG ri 8 in , 

o ^ ^r. ^^^20kD-Ii-8. 30 mm for 11-8 PEG .ri 

8 and SO min. for (PEG.„),Lys-Il-8. '" 

No detecuble differences were observed in the apparent second T 
»o„g all protein derivaUves, but whUe ,eas than , . „f .b. J^^ 
—vity remained in circuiation afier 24 h for 1,-8, 6. of i„i„a, amou„. were 
stdl present m case of (PEG„^^2Lys-Il-8. 

Application of the .ame methodology to the modification of G-CSF 
be. as weU as senna m case of 11-8. the target for periodate oxidation. 
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Enzymatic cleavage of N-te.rminal mp.thinninp jhe methionine 
residue was specifically removed by enzymaUc digestion with kidney microsomal 
aminopeptidase (EC 3.4. 11.2). G-CSF was concentrated to 5mg/mL ia a Tris 
50mM. 0.3% sodium lauryl sarcosirate, pH 8.0 buffer and then incubated with 
aminopeptidase (enzyme/substrate ratio. 1/20) for 20h at 37''C, in the presence of 
lOmM MgCl2. 2.5mM PMSF and benzamidine, and 2mg/mL aprotinine. AU these 
inhibitors were added to prevent any cleavage of the polypeptidic chain by any 
contaminating proteolytic enzyme present in the commercial aminopeptidase 
preparation. Aminopeptidase was then inactivated by adding EDTA at a lOmM 
concentration and the solution dialyzed at 4-C versus Tris 20mM, pH 8.0 and 
against water and the material finally purified by reversed phase HPLC on a 
250x10mm i.d. Nucleosil C8 column, using a flow rate of 3mUmin and a linear 
gradient of 50-80% solvent B over 15miii. The modified protein was characterized 
by ESI-MS. The ESI mass spectrum exhibited two series of multi-charged ions, the 
major one corresponding to Je^-Met^-rhG-CSF (calcd.. m/z 18820.8; found, m/z 
18821.7±2.1) and the minor one to Met^-rh-G-CSF ( caJcd., m/z 18951.9. found 
m/z 18956.1 ±5.5). 

Oxidation of des-Mct^-G-C.SF The lyophilized material was 
dissolved in a O.IM sodium phosphate buffer. pH 6.5 at 5mg/ml in the presence of 
6M guanidine chloride, and oxidation performed with a 5-fold excess of periodate 
over the polypeptide. After lOmin of incubation at room tempemture in the dark, 
unreacted periodate was destroyed with a 1000-fold excess of ethylene glycol. 
Oxidation was confirmed by ESI-MS (calcd.. m/z 18775.3; found, m/z 
18777.9±2.7). 

Coniiiaation of the polymer A 5-fold excess of AoA-NH-PEG was 
added to the reaction mixture. dUuted with 5 volumes of 0. IM AcONa buffer pH4.6 
containing 6M guanidine chloride and concentrated to one volume on a Centricon 
microconcentrator. DUution and concentration was repeated a second time. The pH 
was then adjusted to 3.6 and a second 5-foId excess of AoA-NH-PEG added, and 
the solution incubated 24h at room temperature. The solution was dialyzed against a 
20mM sodium phosphate buffer pH 7.0 to discard the guanidine chloride the 
conjugation product isolated by HPLC on a C8 column. As shown in Figure 3. 
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chxom,, T "y^POobic Reaction ' 

cf a te, ,<„^^ ^ ^^^^^ 

with a flow rate of 0.6ml/mm 



time, ta a 2 5M . '^''"'^'■"« '0 

lunes in a 2.5M sodium acetate buffer pH5 5- ri,«:n . a , 

added to a fma! m ■ ^ glyoxyUc acid were 

a final concentration of 2mM and O.IM, respectively After Ih i k • 
at room temoerahir^ th- • F«-»vciy. Alter Ih incubauon 

temperature, the reaction was stopped by the addition of solid EDTA -n, 

ion usea tor the conjugation reaction 
acid, and the real «" » 3.6 with acetic 

PoiyLC ll ''77/ '°'^-"'™''>'''P«-"= column (200x4,n., 5„™, iOOOA 

Phenomenex column f600x7 8m^^ ^ • ^»o:>ep 5ecS-2000 

column. (^-^-' Btum, and .on exchange chto^togtaphy on a Mono Q 

den„a, .rjT^Z^ST '"'^^^'-^^ (^=0 Production 

aynoviaj tibroblasts (Arend et al flQOOl J ri.n t «^ 

^. uyyyj J. CLn. Invest. 85:1694-1699). 
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This bioassay aUowed the evaluation of the biological activity of modified U-lra, by 
using a 1000-fold excess concentration of D-lra or its conjugate over Il-ljg to study 
the inhibition of the II-l^ induced biological response. Table 1 presents the results 
of one such initial assay. The PEGjotD-des(MRP)Il-lra form Usted in Table 1 is that 
derived by enzymatic cleavage and periodate oxidation as discussed in Example 9 
below. 



Table I. In vitro capacity of IMra and PEG^^-conjugates to inhibit induced 
PGj producaon (ng/mL) in two fibroblast cell lines. 

Reagent 

Culture medium 
Buffer without protein 
Il-lra 
Il-lra(tr) 

PEGjou>-IL-lra(tr) 
PEG3ouj-des(NfRP)Il- 1 ra 



Dermal fibroblasts 


Synovial fibrobladtS 


325 ± 85 




239 ± 30 




317 ± 69 




276 ± 67 




8.6 ± 3 


(100%) 


< 4.8 


(100%) 


21.8 ± 6 


(96%) 


< 4.8 


(100%) 


219 ± 37 


(32%) 


98 ± 16 


(6613) 






48 ± 14 


(84%) 



The values are means ±S.D. (n-3). The figures in brackets give a nominal value for 
the % biological activity of the derivative concerned, even though this initial assay was 
not earned out on the linear part of the dose-response curve. is not determined 
tr is transaminated form. 



As shown in Figures 5 A. 5B. and 5C (dose-response curves), the 11-1/3 effect was 
inhibited in a dose-responsive manner by aU conjugates, and an !€„ value 
(concentration necessary to block 50% of H-l^ response) was approximately 
determined: the values were approx. 13. 10 and 9 ng/mL for PEG^^^-n-lra (Figure 
5A). PEG,ou,-II-lra (Figure 5B), and PEGjou,-lHra (Figure 5C), respectively. 
Conjugates were prepared by transamination method. Tlie IC,o value for authentic 
II- Ira was found to be about 6 ng/mL. The necessary ratio of II-Iih to which 
can be deduced from these results, though higher with the PEG derivatives than 
with the native protein, remains in all cases in the range 10 to 500, the range 
described in the literature for Il-lra (also designated as the pharmaceutical Antril by 
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2h,m,c^»„^ir d»„ A^tril a„d i« d=riva.ives were lab=l«l by ,1,. 
weu- W„ CMor^i„e-T „=,hod (H„„,„, W.M. and Greenwood, F C 
Na«.^ ,94.«5.9«. T.. p™=i„ (abo. 0.5 .g, was d,My»d agai., a o.lM 
Tns. HC, 0. ,3M NaCl, pB 7.0 buffer, and co„„„.n.ed ,o abou, 300 To ,his 
- «.on ,he„ added 500 .Ci Nal and 30 „ of a 1 % (w/v, ch,o:a„,U,e T 
solufon p„pa^ ;„ ^ buffer as .ha, for .he p^ein. l„cubaUcn was 
.enninated after 90s by .be addUion of 30 ,1 of a 5 % („,v) sodta „,e.abisum.e 
3o.u..o„ and 25 of a 50^ (w/v, ^ so,uUo„. .dioiodina,ed pro„i„ wa 
separated fro™ free -I on a GF5 co,„n,„ (PUrce, e<,„iUbra.ed in PBS and 
previously washed wi.b ,he same buffer contabung 0. > % bovtae serun, albumin 

The specmc ,adioae,ivi,y u,us obtained was in ,he range of 100-300 ^Ci/m. 

protein. p-v-^/uig 



Female Wisur ms obained from Iffa-Credo (L'Arbresle, Fr^ce) 
we.gh.g between .50g and 200g, were used. Approxima.eiy 50 of -I.,ab etd 
pro.e„ were injeced as a bolus in ,be .ail vein and samples of blood coUec.ed from 
U.e a. seleced .bnes (as near as possible ,o 3, 10, 30 min, 1, 3, , and 24h) 

measured T.e curves of .Native blood levels for Il-1„. PEG,„.IM„ and 

^Z^T '""™" " " «A and 6B. 

can denved from .he «gures, ,he apparen, „f ^.^ ^ 

W) was veo- sho,,, and ,he apparen. second T„, .hough much longer, did no. 
«^=r^fore have as s„o„g an influence on d,e area under .be pharmacoHncic curve 
Mos. unponan.,y, even i„ .hese preliminary experimen.s, .here are appreciab 

for Anml. The app^„. fe. T, value for bo.h ,he derivatives were sig„ir,can..v 
■onger than that for .he „mnodified pro«^. A manual fi. .„ .he. curvl^vT 
ap^n. first T. values of approximately 3 min for authentic ll-lra, 14 mL for 
i-^^JioicD-II-Ira, and 20 min. for PEGiou,-Il-lra. 



» 
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No detectable differences were observed in the apparent second T.^ 
amongst all three proteins, and in all animals less than 2% of the initially obserJ'ed 
radioactivity remained in circulation after 24h. 

It is clear from the results presented herein that by increasing the 
polymer mass, either by increasing its length or. as discussed above, by adding 
multiple copies of the polymer at one site (via the multi-linker format) one can" 
increase the circulating half-life of a conjugate while not causing a deleterious effect 
in its activity. This result of the site-specific modification methods and reagents of 
the present invention sharply contrast results often seen using methods in which the 
target molecule is randomly labelled with polymer, such as at lysine residues. 
Unlike with previous technologies, using the reagents and methods of the invention, 
one would expect a further increase of T., without an excessively severe additional ' 
decrease in specific biological activity. For example, adding a 40 kD polymer to 
Antril (either directly or as obtained using smaller but linked polymers) would 
produce a further increase in the apparent first T., without a sudden, crippling Joss 
of specific biological activity. Indeed, using the methods of the invention, the trend 
of specific biological activity as a ftmction of M, of the added PEG was obseived to 
be in the other direction (compare Figures 5A, 5B and 5C). Moreover, as 
presented herein, the use of a multi-linker can achieve simUar effects as those 
observed for a single, linear polymer of molecular weight unexpectedly greater than 
that of the multi-linker. For example, when two PEG chains were put on a multi- 
linker and placed site-specifically at the N-terminus of 11-8, the resulting derivative 
PEGixjkD-n-S had a gel-electrop heretic behavior almost equivalent to that for a 
derivative with an apparent molecular radius corresponding to the addition of a 
20kD PEG chain (see Figure 1). 

EXAMPr.F, Q Sjte-Sperinr Modifictinn .nH r oni„a;.,inn nf ^^^.rr^^^^ 
Residue of a Protein: Modifirafion by Enz.ymatir rieav.../P.r,-.w.>. Oxid.rinn .nH 
Conjugation oFn.-l-ra 

Enzymatic cleavage of Met-Arg-Pro anH p griodate nviH^fio^ 
Removal of the three N-terminal residues to reveal the serine can also be considered 
for the conjugation of the ftinctionalized polymers according to the methodology 
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CO.P Tokyo) was used for .he cleavage of U,e N-,enni„al ^peptide. Di-esUon 

cry slo„.-n,e pn>,e„ „as before incubated 20h a. 37-0 at a SOm./n,,' 
concentta,™ i„ a 50™M sodi„„ phosphate buffer, pH 7.0 with an ° 

=nzyn,e/subs,ra.e «io of l/,0. The protein was then isolated by „I nitration ,„ 

BioSep.SecS-9nnn x>k ^ ^ rutration on the 

P sees 2O0O Phenomenex column and a aUquo. purified by HPLC for the 
characterization bv ESI-MI -n,™. ■ , 

different anal consecuave peaks corresponding to 

afferent analogues could be identified: .he major one (16874 S±5 4D, 

corresponding to the expected product </ei(Me.-Are.prom 1 r, . ' , . 
16S72 1 m- . . ^ Pro)Il-lra (calculated value, 

iosu.l D), and too minor ones, one (16785 1 +1 ni ™ 
^'esrMet-Arg-Pro-Serm 1^ . , ""'^^.l ±1.5 D) correspondmg .o the 

(17125 9« "•^"^"^ 16785.0 D,, and the other 

( 125.9±2. 1 D) corresponding to <ies-MeUL.lra (calculated value, 17126 4 D, 
NO ttace Of the native protein (17257.6 D) could be detected. T.cs JIs a. 

::rrr ~ °^ ^ ^ — - — 

mount of .he senne m posidon 3 .o perfom, petiodate oxidation and polymer 

.r:r:ir -^'^ ^ - -°-ve: tL 

coni iot r ' '"^"^^ 

N^OAc buffer^Tfr^'^^f^- ^'"^^'^ > 

=::::rtrmr~~— 



conju.a.e ^.0''"^^'''''^'^''^ ^ representative 
onj"oa.e PEG^-des(MW,,iH,a is presented in Table 1 above. 
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This multivalent linker is comparable to that described in Example 3, 
and was obtained by acylation of Tris-(2-aminoethyl)amine with one equivalent of - 
Boc-NH-0-CH„-CONSu in DMSO. The monosubsdtuted derivative was isolated 
by HPLC. characterized by.ESIMS (calcd. M+H, m/z 319.4, found m/z 320.6). 
The material was solubilized in lOmM HCl and lyophilized, and ftirther acylated 
with PEGjtD-COOH (1.2 molar excess over remaining amino groups) in DMF, in 
the presence of equimolar amounts of hydoxybenzotriazole and DCC. The solution 
was stirred overnight at room temperature and the fuUy acylated derivative was 
purified after extensive dialysis against distilled water by ion exchange 
chromatography on DEAE-A25 and CMC-25 and finaUy deprotected by treatment to 
get the following derivative: 

(CHj)2-NH-CO-PEG 
I 

H2N-0-CHj-C0NH-(CHJ,-N 

I 

(CH,)j-NH-CO-PEG 
Conjugation to oxidized 11-8 was carried out under the same conditions than used 
for the linear PEG polymer, and the resulting derivative isolated according to the 
same procedure, as shown in Figure I. 

EXAMPLE 1 1 — "One-Pot" M odification and Coniuc>atif)n Reactions 

As demonstrated in the above reactions, side reactions during oxime 
formation were not a problem. For example, compare lanes 1 and 2 of Figure 3. 
However, "one-pof reacUons would nevertheless be desirable in order to minimize 
handUng, and thus yields, contamination, equipment, time, etc., as weU as provide 
for more reproducibility and unifonmity amongst reactions, decrease labor time and 
costs, and facUitate development of larger scale and commercial production, as weU 
as simplify use if diagnostic methods or kits. IL-8 was mixed at the same time with 
both periodate and an aminooxy compound (N'-Aminooxyacetyl, N'LC-biotinyl- 
lysme), and after an appropriate reaction period, with no work-up whatsoever, the 
wanted product- IL-8 specifically biottnylated at its N-terminus~was identified. 
Surprisingly, the reaction progressed atpHs 8, 6.5 and 4.6. At 6.5 the generation 
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were .o.e„.a. ^ ^ ^^^^ ^ ^ ~ 

3un>ri.i.g Since, for ex^p,.. perf^,, ^ ^^.o J 

£rouD anri ft,^ f X. A^uires a deprotonated amino 

coL.e J :l r ^'"""'^ ^ 

-ess, m,sh. have been expeced ,„ have destroyed ,he pcrioda-e 

An a typical experiment conducted at rnnrr. 

z - " — <^.' . .0., o.:or ho:hr;aXr' 

Birr, " °' ' Of N-AoA N. LC 

B.o.„y, Lys„e (prepared as bCow). After ...ec hours 2., of ,he reac^™ '„ 

was ,„e„ched wi.h 4„ of lOM aqueous e,hy,e„e „yco, After ; 

.he quenched so.uUon was ,apid,y dUueed b 500 ., 0 """""^ 

acid. (TWs was done .o ™ini„,i/e any inl """" ^ri^uoroaceUc 

-o,= sa.p,e was anaiy^" pC"™"'^ 

e-ca a. ,he ^own position of .he wanL :-I;:.,r:ZTT T 

a large scale reacUon when isolated gave the ex„L ^ " " °' 

~.y .aicuiated SS.^for " 37;;-'-- 

a- -M.oxy!!:rz:::f.c"^^^^ r 

fron, the Pietce Chen,ic 7r I ' ' °''"^'<' 

P^ess as Zws :r ^'^^ -<=OC-AoA,r.ysi„e was „ade hy a two step 

my!„o,-o»ceo.;-Z,;,rme ,mr „i„^„erf 6y adding ,0 371 „f „ t 

lysine (NovaEicchem 4448 Uefeir 7 N-,.tnfIuoroacetyl- 

DMSO was add,^ I^fdfingeu, Swttzeriand) suspended in 3 ntLof 

cviiaseca et ai. <i.3, 

r:ori:~cr"'"r 

...ediately ad^ustrtr-^— l^—r 
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overnight at room temperature. Subsequent thin-layer chromatography (Vilaseca et 
al. (1993) Bioconjugate Chem. ^:515-520) of a smaU sample showed that little or 
no ninhydrin-positive material remained. Residual hydroxysuccinimide ester in the 
reaction mixture was destroyed by dUution with an equal volume of water and 
iiicubation at 37-C for 1 hour. The mixture was then further dUuted with 32 mL 
water, cooled to 0»C. and brought to an apparent pH of 3.0 (glass electrode) with 
acetic acid. The solution was then divided in two, and each half placed on a 
Chromabond 1000 mg (Machery-Nagel, Duren. 52348. Germany) equilibrated with 
0.1 % aqueous TFA. Each Chromabond was then washed with 20 mL of the same 
solution, and eluted with 4 mL of a mixture of 0.1 % TFA:acetonitrile. 4:6 (v/v). 
Acetonitrile was removed from the eluates in a current of Altered air. and the 
remaining liquid removed by vacuum centiifugation. Second, the trifluoroacetyl 
group was removed from the e-amine of the lysine by adding 3 mL of water to each 
of the dried down eluates. cooling to 0°C. then adding 330 pL of piperidine. The 
mixture was maintained in an ice bath with occasional agitation for 3 h. The 
reaction was stopped by the carefiil addition of 500 ^.L of glaciaJ acetic acid, and 
solutions could be stored frozen at this point. To continue the procedure, each 
mixture was diluted to 10 mL with water and the pH adjusted with acetic acid to pH 
3.0 (glass electrode) if necessary. The mbctures were appUed to two Chromabonds 
as before, except that (a) elution of the wanted fraction was carried out with 4 mL 
of a mixture of 0.1 % TPA: acetonitrile. 7:3 (v/v) and (b) for each Chromabond the 
material passing through unchecked was pooled with the subsequent 20 mL wash 
fraction and passed a second time over the same Chromabond- after re-equilibration. 
For each Chromabond, the two eluates were pooled and dried down to give approx. 
40 mg each of the desired product N-a-tertButyloxycarbonylaminooxyacetyl-Lysine. 

The AoA-LC biotinyl Lysine was made by first dissolving 15.3 mg of 
the N-(BOC-AoA)Lysine in 478 t^i of DMSO and adding N-ethylmorpholine. 
To this were added 53.2 mg of the biotin compound N-hydroxysuccinimido ester of 
LC (long chain) biotm dissolved in 478 fd DMSO. If either component was 
reluctant to dissolve before mixing, all went into solution afterwards. After 18 
hours at room temperature any excess active ester was destroyed by adding 956 ii\ 
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^Zl Z HO T ' ' - 

of CH,CN/0 1% TFA n.a /^ ""^""""■1'' WA, then4n,l 

CH3CN/0.I K '"'A (2:3 v/v) and dri=d dow„. Yield „a. 23.8 ng 

mjeaed at a tan. on me C8 analyUcal cota„ described above. Tie column had 
een e,„Ul...ed wUK ,0. of d.e .econd solve, described above a ^ 

iTot r: " - -tin 

° 80% over ,he next 100 minutes. We warned prodact was the principal peak on 
-..™of.eg.die„, ..ep^. was dried down. Mass^^C 

a «.iet p„rir":: 

Tl.ougb seve,^ „e,hods have al,eadj:b;::described for orid;i;;;;:rn„i„al 
Mrcxyl group (Wirth e, a,., (1991, Bioorganic Chen,. 19. .33-14 h^ mM 
=. al. (1984) J. Polym. Sc.. Pol™ che™ Ed 22 -.4,. . , """^ " 

introduced by acylatin. PEG K 

y cyla.m„ PEG-NH, wuh carboxy (benzaldehyde)OSu PEG-NH n 

g-m. 50 ;,n,ol, and carboxy (be„.aldehyd=)OSu (62 n,. 250 Lo, . 

in DMSO f4 mil ,1^ ' ' " V"- m„, 250 ;iinol) were dissolved 

.h= n, JJlrLT T' '° ""^ "■^"•^'-o^holine and 

aly= s. The soluuon was then diluted with 5 volumes of distilled water 
extenstvely dialyzed.agains. water and finally lyophilized. 

aflUication r^rill-IUnn rir i|| r-r.-;B r-y ,,-jpr,- 

Cys" with a Ut^r'blTT ""'"'^ '■"■'-"■-V was allcylaUon of 

Itnlcer beanng the AoA function in order to place a reactive AoA at 
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this position. In the case of G-CSF there was only a single Cys residue. For this 
purpose was used the linker compound 

Boc-NH-0-CHj-COHN-(CHj)j-NH-CO-CHj-Br 
The Boc group was removed and the linker rapidly added at a 20mM coricentration 
to rh-G-CSF solubilized in a O.IM phosphate buffer (Na.). pH 7.0, 5mN EDTA and 
6M GuHCl. After 30 min. incubation, the solution was acidified. The alkylated G- 
CSF was purified by reverse phase HPLC and characterized by mass spectrometry 
(calcd. m/z 18971.8, found, m/z 18978.2+7.8). The protein was then resolubilized 
in acetate buffer (O.IM Na), pH 4.6 containing 6M GnHCl and reacted with a PEG- 
CHO (from Example 12 above). The extent of polymer conjugation was 
comparable to that obtained in the two-step coupling at the N-terminus described in 
the previous example. If the alkylation with the preceding linker is performed at 
higher pH values (e.g. pH 8.0, pH 9.0) histidine and methionine residues will also 
be modified. 

EXAMPLE 14. .'^i te-Specific Modification and Conjugation of a Protein: 
Modific ation and Conjugation of rh-G-CSF. 

A small bivalent tag, containing a group reactive with a 
functionalized polymer of the invention, can be added to the protein in a large 
excess and wLU therefore react rapidly with the created glyoxylyl function in the 
protein. In a second step the functionalized polymer is added to achieve conjugation 
to the protein via the tag. This two-step approach is useful, for example, when one 
wishes to avoid or minimizes both steric problems and those that might be caused 
by side reactions. A iUustrative small, bivalent tag is a bisaminooxy tag. HjN-O- 
CHiCO-Lys(CO-CHi-O-NHj) was synthesized by the attachment of Boc-AoA-ONSu 
to Lys-OMe, followed by NaOH treatment and TFA deprotection (calcd. M+H, 
293:1; found M-J-H 293.9). To complement an AoA group on the protein, a 
functionalized polymer having a reactive carbonyl group was used for conjugation. 
PEG-NHj was reacted with carboxy-(benzaldehyde)-ONSu to give a polymer with 
the required aldehydic function for reaction with the AoA-tagged G-CSF, yielding 
the final product: 

PEG-NH-CO-QH,-CH=N-0-CHj-CO-LysCO-CH,-0-N=CH-CO-J«Met'mG-CSF 
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Tns(2-ammoethyl)ainme. used in Example 10. was acylated with 3 
equivalent of Boc-NH-0-CH,-COOSu in DMSO. The fu^y substituted derivative 
was .so a^ . hplC. cha.cteri.ed by ESIMS (calcld. M M, 6.5.5. found 
m/z 665.3). "n^e material was deprotected by Ih TFA treatment and TFA removed 
by rotary evaporation. Tl,e materia was resolubilized in water and lyophilized thea 
reacted m a 15 molar excess (to avoid crosslinking) with oxidized n-8 in 0 IM 
AcoNa, pH 3.6. The conjugation product (bearing two free AoA groups) was 

This conjugate can be reacted with PEG-CHO to yield a two-polymer 
anned deavative, i.e. a bi-polymer-containing functionalized polymer. 

Other multiaim. i.e. multi-polymer-containing functionalized 
polymer, structures can be constructed, e^ecially if the aim of the polymer 
conjugation is to decrease L^munogemcity of the protem. Indeed, a L^er bearing 
3 to 10 arms, preferably 4 to 6. would be more appropriate. Such construction can 
be obtamed by linking, in a first reaction, to the protein a peptidic linker of this 
Structure: 

HiN-0-CH,-CO-X-(Lys(Ser))n 
or the corresponding dendri.eric. axborescent form with N-termina. serine residues 
where X xs a peptidic or nonpeptidic str..cture which facilitates separation of the 
conjugation product from unreacted protein and n is the number of attached 
polymers as defined above. Additional spacer groups can be introduced between 
lysme residues. 

In a second reaction, the serine residues of the introduced linker are 
and then reacted as described in preceding examples, with PEG-AoA 
functionalized polymers, to covalently attach n number of chains to the protein. 

patent appLcations mentioned in this specification 
are he.m incorporated by reference to the sar.e extent as if each individual 

pabbcation or patent application was specifically and individuaUy indicated to be 
mcoiporated by reference. 
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The invention now being fully described, it wiU be apparent to one of 
ordinary skill in the ait that many changes and modifications can be made thereto 
without departing from the spirit or scope of the appended claims. 



wo 96/41813 



PCT/IB95/01175 



64. 



WHAT T5; rLATlvrpn t^- 




attach{ 



A functionalized polymer, comprising an organic polymer covalently 



^ammo-oxy oxime-forming group. 



2. The functionaliS^ymer of Claim 1. wherein the organic polymer is 
attached to two amino-oxy groups 



3. The functionalized polymer of Clai^V^ein the organic polymer, having 
a fust terminus and a second terminus, is covalentl^ha^ed to a first amino-oxy 
group at its f.st polymer tenninus and to a second amin^^oup at its second 
polymer terminus. 



soil 



The functionalized polymer of Claim 1. wherein the polymer is a water- 
' polymer. 



5. The WionaLzed polymer of Claim 4, wherein .he wa.er soluble polymer n 
seleced from .hWp co„.i«i„g of dex,,^, dex.,^ sulfate, P-an-ino cross-linked 
dex.n„, carboxyme^dextrin, ceUulcse. merbylcellulose. carboxymertyl ceUu.ose 
s-arch, dextrines. bydroW of sUrch, polyaUdyen. „ycol, heparin, fra,mea.s 
hepa™, polyvinyl alcohol, Wy, ^y, polyvinylpyrroUdone. .,^.Poly 

P-hydroxyethyl,-D^aspar,am\po,yoxye,hy,a,ed polyols, and polynuCeoUdes 

Led? °' is 

selected from the group consisting of straiV branched, disubsUtuled or 

»«subsU.a,«, polyalklyene glycol, poiy«h,le„\,col homopolymers ' 
polypropylene glycol homopolymers, and copolyn\of ethylene glycol with 
p.op„e„c glycol, Wherein said ho^opolymers and co\me,. are u„subs.i«ted or 
substituted at one end with an alfcyl group. 

liycol ^"^T'T" T""" °' °^ ""'"'^ ^""^ 

glycol (PEG) or methoxypolyethylene glycol (mPEG). 
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8.^^-'Hie^jictiona]i2^ polymer of Claim 5, wherein the polyoxyethylated polyol 
is selected from thTi^SurtTmsktiog^ofpoIyoxyethyl^ sorbitol, polyoxyethylated 
glucose, and polyoxyethylated glycerol. 

S^incdonal^^l M#«»er of Claim 1, wherein the polymer has a molecular 
weight averageofabSin~7e$-t©-aa!LD00. 



Theftmctionalized polymer of Claim 9, wherein the polymer has a molecular 
weight averag&-©tabout 400 to 50,000. 



11. The fijnctionalized polymer of Claku^, wherein the polymer has a 
molecular weight average of about 2000 to 40,( 

12. The functionalized polymer of Claim 5, wherein the molecular weight 
average of dextran or its derivatives is 10,000 to 500.000. 

13. The functionalized polymer of Claim 5, wherein the polymer has the formula 
Rl-0(R2-0)nR2-R3 

where n is an integer between 5 and 2.000. R2 is a lower alkyi group which is 
straight, branched, disubstituted, or unsubstituted, and (a) one of Rl and R3 
comprises an amino-oxy oxime-fonning group and the other of Rl and R3 is 
hydrogen. -CH3, or a protective group, or (b) both Rl and R3 comprise an amino- 
oxy oxime-forming group, and where either or both of Rl and R3 optionally 
comprise a spacer group. 

14. The functionalized polymer of Claim 13, wherein the protective group is an 
alfcyl group. 



15. The ftmctionalized polymer of Claim 14, wherein the protective group has 
between 1 and 10 carbons. 
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18- The ftinctionalized polymer of Claim 13 wherein th. , • 

fx^- ' ^"^rein the amino-oxv oximp- 

forming group comprises -X-O-NH, wherein X = c 

CHO-R4 u . 'P^'^^' S^°"P comprising -NH- 

CHO R4- and whereu, R4 is attached to -O-NH, and is a substituted or 
""substituted linear, branched, or cyclic lower alkyl. 

19. The functionalized polymer of Claim 18. wherein R4 is -CH2-. 

or'(P) I!:: - ---"^ having the formula (P)„..X-0-l^^ 

CP)„L X C(R)0. whereu, P is the organic polymer, m is an integer from 2 to 10 
X . a spacer group, R hydrogen or substituted or unsubsUtuted Cl-ClO l^I 
branched alkyl erouo anH t Sc , - "-I-CIO linear or 

covalently Z^IL H ^ " " " ^^^^^ ^ 

ntly linked, and wherem the valency of L is at least m + 1. 

21. ■"^efunctionalizedpolymerof Claim 20 wherein V ■ 

cwntr • .u ^ ' ^"^^^^"1 ^ composes -CH,- or - 

CHOH- in the formula (P)mL-X-0-NH,. 

22. -nie fiinctionalized polymer of Claim 21 wherein X rnn, • ^ 
-NH-CO-CH. in the formula (P)mL-X-0-NH; '"^^ °^ 

o. '-CUOU TTT"" ^^-^^ ^ -"'P^- -CH.. -CO- 

'-«OH- in the formula (P)mL-X-C(R)0. ^ • , 
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25. 



The functionalized polymer of Claim 24, wherein R5 is selected from the 
group consisting of phenyl or C,-C,o alkylene moieties. C,-C,o alkyl groups, or a 
combination thereof, an amino acid peptide, an oligonucleodde, an oligosaccharide, 
a lipid chain or a combination thereof, and may contain heteroatoms. 

26. The functionalized polymer of Claim 24, wherein R5 is -CH2-CH2-. 

27. A method of systematically modifying the Stokes radius of an organic target 
macromolecule, comprising the steps of 

(a) obtaining a site-specifically-functionalized target macromolecule 
comprising a first oxime-foiming group, 

(b) obtaining a series of functionalized organic polymers differing 
from each other in the series in topology but not molecular weight(average) 
comprising a second oxime-forming group complementary reactive to the first 
oxime-forming group, and then 

(c) conjugating the functionalized target macromolecule separately 
with each fimctionalized polymer via oximadon to obtain a series of conjugated 
polymers, wherein steps (a) and (b) are performed in any order. 

28. The method of Claim 27, which further comprises the step of 

(d) identifying a change in a biological or physical property of a 
conjugated polymer of step (c). 



29. The method of Claim 27, wherein the second oxime-forming group comprise 
-O-NHj. 
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